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Petroleum  geology  in  the  U.  S.  Geological  Survey  is  largely  cen¬ 
tered  in  the  Fuels  Section  of  the  Geologic  Branch.  The  investigations 
of  this  Section  that  relate  to  petroleum,  natural  gas,  oil  shale,  and 
bitumens  include  the  areal,  structural,  stratigraphic,  and  economic 
geology  of  these  mineral  fuels.  They  are  also  concerned  with  research 
in  problems  of  the  origin  of  these  fuels.  These  several  activities  are 
concerned  with  the  discovery  of  adequate  supplies  of  petroleum  and 
natural  gas  for  the  welfare  and  security  of  the  nation. 

The  work  of  the  Fuels  Section  is  closely  coordinated  with  the 
fields  of  those  other  sections  of  the  Survey  which  deal  primarily  with 
paleontology,  stratigraphy,  chemistry,  physics,  geophysics,  mineralogy, 
and  petrology.  In  fact,  much  of  the  work  of  these  several  sections, 
outside  their  collaboration  with  the  Fuels  Section,  is  devoted  to  pro¬ 
viding  basic  information  that  is  utilized  by  the  oil  and  gas  industries 
:  in  their  search  for,  and  development  of,  our  oil  and  gas  resources. 
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Thus,  much  of  the  geologic  effort  of  the  Survey  is  related  to  oil  and 
gas,  either  directly  or  indirectly. 

In  addition  to  the  geologic  work  of  the  Fuels  Section,  some  studies 
that  are  essential  for  the  administration  of  the  oil  and  gas-bearing 
public  lands  are  conducted  by  the  Conservation  Branch  of  the  Survey. 
Moreover,  studies  of  the  oil  and  gas  resources  and  possibilities  of 
Alaska  have  been  made  by  the  Alaskan  Branch. 

The  Geological  Survey’s  studies  of  the  oil  and  gas  resources  of 
the  United  States  date  back  to  the  late  eighties  and  early  nineties, 
when  reports  were  published  on  petroleum  and  natural  gas  in  Ohio 
and  Indiana.  A  continued  and  intensive  program  of  oil  and  gas  work 
was  begun  by  the  Survey  about  1900,  and  an  administrative  mineral 
fuels  unit  was  established  in  1908.  M,  R.  Campbell,  the  first  Chief 
of  the  unit,  was  followed  successively  by  David  White,  K.  C.  Heald, 
W.  T.  Thom,  Jr.,  and  the  writer. 

The  oil  and  gas  work  of  the  Survey  was  intensified  at  the  begin¬ 
ning  of  the  twentieth  century,  in  response  to  the  growing  demand  for 
gasoline  for  the  ever-increasing  numbers  of  automobiles.  Although 
geology  was  utilized  to  a  limited  extent  in  the  selection  of  drilling  sites 
for  oil  and  gas  wells  prior  to  1900,  the  drilling  companies  did  not  in 
general  adopt  the  guidance  of  geologists  until  1915.  The  adoption  of 
this  guidance  was  based  on  the  reports  of  the  few  geologists  in  com¬ 
pany  employment  and  on  the  reports  of  the  U.  S.  Geological  Survey 
published  between  1900  and  1915.  The  reports  of  the  Survey,  as  well 
as  those  of  the  company  geologists,  demonstrated  clearly,  for  many 
areas,  the  relation  of  oil  and  gas  accumulations  to  anticlinal  struc¬ 
ture.  As  a  consequence,  the  early  part  of  the  present  century  witnessed 
the  beginning  of  a  vigorous  search  for  anticlines  as  drilling  sites  for 
oil  and  gas  wells.  Also,  in  the  period  between  1908  and  1925,  the 
Geological  Survey  made  a  notable  contribution  to  the  development  of 
the  oil  and  gas  industries  through  the  training  of  petroleum  geologists 
who  subsequently  resigned  from  the  Survey  to  join  large  geologic 
staffs  that  were  being  organized  by  the  oil  companies.  These  geolo¬ 
gists,  who  were  thus  Geological  Survey  graduates,  became  a  significant 
proportion  of  the  leaders  in  a  world-wide  search  for  petroleum. 

The  oil  work  of  the  Geological  Survey  was  greatly  accelerated 
during  World  War  I  and  again  in  World  War  II.  The  second  period 
of  acceleration,  beginning  in  1943  and  now  in  progress,  exceeds  in 
magnitude  any  oil  and  gas  work  heretofore  undertaken  by  the  Survey. 
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The  funds  available  to  the  Fuels  Section  were  about  $300,000  for  the 
first  year,  about  $500,000  for  the  second  year,  about  $350,000  for  the 
third  year,  and  about  $400,000  for  the  present  fiscal  year.  The  num¬ 
ber  of  geologists  engaged  in  oil  and  gas  work  in  this  section,  during 
these  years,  reached  a  maximum  of  about  100,  and  the  number  of 
clerks,  draftsmen,  and  other  employees  reached  a  top  figure  of  about 
30.  At  present,  we  have  about  45  geologists  and  20  employees  of  other 
types  working  on  oil  and  gas. 

The  purposes  of  the  Survey’s  present  oil  and  gas  work  do  not 
differ  from  those  that  have  guided  similar  work  by  the  Geological 
Survey  at  all  other  times  during  the  past  50  years.  On  the  other  hand, 
as  the  methods  and  techniques  of  industry  have  changed  during  the 
past  50  years,  the  nature  of  the  Survey’s  work  has  changed. 

The  mapping  of  local  structural  features  has  been  stressed  less 
and  less,  and  greater  emphasis  has  been  placed  on  regional  geologic 
problems,  although  some  effort  is  necessarily  being  directed  specifically 
to  the  acquisition  of  information  essential  for  the  administration  of 
laws  relating  to  the  leasing  of  public  lands  for  oil  and  gas  development. 

The  type  of  work  that  has  been  emphasized  in  recent  years  is 
regional  geology  involving  both  subsurface  and  surface  stratigraphy 
in  large  areas,  such  as  basins  or  similar  geologic  provinces.  Studies 
are  being  devoted  primarily  to  the  accumulation  of  data  for  the  prepa¬ 
ration  of  maps  and  stratigraphic  sections  showing  such  features  as  the 
thickness  or  change  in  facies  of  oil-producing  formations,  margins  of 
producing  or  possible  producing  zones,  and  relations  and  extent  of 
lenticular  sands.  These  studies  have  as  their  objective  the  delimita¬ 
tion  of  broad  areas  that  are  favorable  for  exploration.  The  deter¬ 
mination  of  local  structural  features,  whether  by  surface,  subsurface, 
or  geophysical  methods,  is  not  being  stressed. 

In  the  formulation  and  prosecution  of  the  present  program  of 
regional  stratigraphy  and  structure,  we  have  sought  the  counsel  of 
petroleum  geologists  and  also  State  Geologists.  This  policy  of  ob¬ 
taining  the  counsel  of  interested  persons  concerning  our  work  will  be 
continued.  Many  hundreds  of  petroleum  geologists,  the  officials  of 
numerous  educational  institutions,  and  about  24  State  Geologists  have 
provided  suggestions  concerning  projects,  methods  of  procedure,  and 
other  forms  of  cooperation  and  assistance.  Also,  our  program  of 
geologic  work  is  being  carried  out  with  the  active  collaboration  of  the 
oil  and  gas  industries,  many  universities,  and  the  State  Geological 
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Surveys.  This  collaboration  assures  effective  prosecution,  without 
duplication  of  effort,  of  types  of  projects  that  yield  useful  results. 

Our  present  program  of  work  has  been  decentralized.  Nearly  all 
the  work  is  being  done  outside  Washington.  The  field  employees  re¬ 
side  and  prepare  their  reports  at  project  offices.  The  employees  in  the 
Washington  office  are  engaged  in  the  administration  of  the  program, 
and  in  the  review  and  processing  of  reports  for  publication. 

The  maintenance  of  the  project  offices  in  the  States  has  many 
advantages.  The  field  geologists  are  thus  located  in  areas  conven¬ 
iently  near  sources  of  information  and  are  in  close  personal  contact 
with  company  geologists  and  the  officials  of  State  Geological  Surveys 
and  universities.  These  contacts  give  opportunity  for  the  exchange 
of  ideas  and  for  mutual  understanding  among  those  who  are  interested 
in  common  problems. 

Project  field  headquarters  are  now  located  at  the  following  places: 
New  Philadelphia,  Ohio;  Ann  Arbor,  Michigan;  Tallahassee,  Florida; 
Tuscaloosa,  Alabama;  Tulsa,  Oklahoma;  Lawrence,  Kansas;  Denver, 
Colorado;  Laramie,  Wyoming;  Billings,  Montana;  Albuquerque,  New 
Mexico;  and  Claremont,  California. 

Other  headquarters  that  have  been  used  at  different  times  in  the 
past  three  years  are  Nashville,  Tennessee;  Oxford,  Mississippi;  Mor¬ 
gantown,  West  Virginia;  Austin  and  Fort  Worth,  Texas;  Norman, 
Oklahoma;  Corvallis,  Oregon;  and  Los  Angeles,  California. 

The  different  parts  of  the  United  States  where  work  by  the  Fuels 
Section  has  been  under  way  during  the  past  three  years,  include 
California,  Oregon,  the  Rocky  Mountain  region  from  New  Mexico  to 
Montana,  many  States  in  the  mid-Continent  region  from  Texas  to 
Michigan,  the  southeastern  States  from  Mississippi  to  Florida,  and  the 
Appalachian  region  from  Tennessee  and  Virginia  to  Ohio  and  New 
York.  These  areas  cover  a  considerable  proportion  of  the  parts  of 
the  country  that  produce  petroleum  and  natural  gas  or  are  favorable 
for  their  production. 

Basic  geologic  data  obtained  by  the  Geological  Survey  in  the 
course  of  its  work  are  being  made  available  promptly,  through  pub¬ 
lications,  to  those  directly  concerned  with  the  drilling  of  wells  and  the 
testing  of  new  areas.  The  oil  and  gas  investigations  are  so  planned 
that  useful  and  timely  results  can  be  published  rapidly.  The  results 
are  embodied  in  large  measure  in  a  series  of  preliminary  maps  and 
charts  on  which  brief  explanatory  texts  are  printed.  These  maps  and 
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charts  are  usually  printed  within  a  few  months  after  the  manuscript 
reports  of  the  field  parties  are  received  in  Washington.  Their  rate 
of  release  has  been  2  to  4  each  month. 

The  Geological  Survey  has  printed  90  such  maps  and  charts  in  its 
current  series.  More  than  62,000  copies  have  been  sold.  Also,  during 
the  past  3  years,  more  than  60  articles  and  reports  have  been  submitted 
for  publication  to  trade  and  scientific  journals  and  cooperating  agencies. 

In  the  present  reconversion  period,  and  in  the  future,  we  propose  to 
continue  the  prompt  preparation  and  publication  of  preliminary  maps 
and  charts  after  each  field  season,  in  so  far  as  it  is  practical  and  de¬ 
sirable.  In  addition,  these  preliminary  reports  will  be  followed  by 
the  publication  of  comprehensive  detailed  reports  in  the  form  of  pro¬ 
fessional  papers  and  bulletins. 
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SECTIONS  OF  BIOLOGY  AND  PSYCHOLOGY 
December  9,  1946 

Doctor  Caryl  P.  Haskins,  Director,  Haskins  Laboratories,  New 

York,  N.  Y.:  Some  Research  in  Aids  to  the  Blind.  (This  lecture 

was  illustrated  by  motion  pictures  and  lantern  slides.) 

Research  in  mechanical  aids  to  the  blind  is  by  no  means  a  new 
field.  It  may  be  said,  indeed,  to  date  back  to  the  invention  of  the 
cane,  and  it  has  included  many  notable  developments,  such  as  the 
designing  of  mechanical  systems  for  reading,  culminating  in  the 
Braille  system,  in  the  development  of  the  “seeing  eye”  dog,  and  in 
similar  outstanding  contributions. 

Research  in  electronic  aids  to  the  blind,  in  the  effort  to  accomplish 
more  easily  and  more  effectively  the  results  often  sought  mechanically, 
is  virtually  as  old  as  the  electrical  art  itself.  Experiments  in  the  elec¬ 
trical  stimulation  of  the  optic  nerve,  to  produce  a  sensation  of  light  in 
darkness  or  in  a  blinded  person,  date  from  the  days  of  Leyden  jars. 
As  early  as  1758,  LeRoy  subjected  the  eye  of  a  man  blinded  from 
cataract  to  high-current  D.C.  pulses  from  a  Leyden  jar,  and  reported 
that  the  subject  experienced  “light  flashes”  and  spoke  of  the  “per¬ 
ception”  of  fantastic  figures. 

More  recently,  efforts  have  been  made  to  design  electronic  devices 
to  serve  as  reading  aids  to  the  blind.  The  earlier  models  of  these  were, 
for  the  most  part,  built  around  the  selenium  cell,  since  they  were  de¬ 
signed  prior  to  the  advent  of  the  photoelectric  tube  or  any  knowledge 
of  modern  photocircuits.  One  of  the  first,  as  well  as  one  of  the  most 
successful,  was  the  optophone,  first  designed  by  Fournier  d’Albe  about 
1910  and  later  engineered  in  more  finished  form  by  the  Barr  and 
Stroud  Company  of  England. 

The  present  paper  is  an  account  of  progress  in  a  program  pointed, 
first,  at  a  fundamental  study  of  certain  needs  of  the  blind  and,  second, 
at  the  design  and  development  of  electronic  equipment  to  aid  in  filling 
these  needs,  using  the  modern  techniques  which  are  available. 

The  work  was  originally  undertaken  at  the  request  of  the  Office 
of  Scientific  Research  and  Development,  later  at  that  of  the  Office  of 
the  Surgeon  General  of  the  Army,  and  finally  at  that  of  the  Veterans 
Administration.  It  has  been  directed  and  supervised  by  the  Com- 
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mittee  on  Sensory  Devices  of  the  National  Research  Council,  under 
the  chairmanship  of  Dr.  George  W.  Corner. 

The  initial  directive  under  which  the  work  was  begun  was  the  in¬ 
vestigation  of  the  needs  of  the  war  blinded  and  deafened,  with  special 
reference  to  electronic  aids.  At  a  later  time,  the  field  was  broadened 
to  include  all  blinded  persons,  but  it  was  decided  to  exclude  the  problem 
of  the  deaf,  at  least  for  the  time  being,  in  order  to  narrow  the  field 
of  technical  investigation  to  manageable  proportions.  It  was  further 
decided  to  limit  the  effort  to  two  specific  problems,  namely,  the  devel¬ 
opment  of  a  suitable  guidance  device  for  the  blind  and  the  design  of  a 
suitable  reading  machine. 

Fundamental  Physiological  Problems 

At  the  outset,  it  was  clear  that  solutions  were  needed  to  several 
fundamental  problems.  Perhaps  the  most  important  of  these  involved 
the  selection  of  the  proper  sensory  channel  in  the  blind  person  for  the 
conveyance  of  stimuli  generated  by  the  guidance  device  and  the  read¬ 
ing  machine.  Three  possible  avenues  are  obvious,  viz.,  the  sense  of 
touch,  the  sense  of  hearing,  and  the  sense  of  “vision”  via  the  electri¬ 
cally  stimulated  eye.  A  considerable  background  of  accumulated 
experience  was  available  in  each  of  these  areas. 

Touch.  Naumberg  first  designed  his  Printing  Visagraph  about 
1925  or  slightly  earlier,*  and  has  since  further  developed  and  perfected 
it.  It  is  fundamentally  a  reading  machine  which  transmits  type  into  a 
raised  impression  in  metal  or  paper,  which  impression  can  then  be 
read  tactually  by  the  blind.  Printing  in  Braille  or  in  large  raised 
letters  is  practicable.  The  Thomas  Photoelectrograph*  was  a  reading 
machine  for  the  blind  developed  about  1925,  on  essentially  the  same 
principle.  In  this  case,  a  grating,  consisting  of  a  series  of  raised  and 
movable  points,  constituted  the  receiving  surface.  The  rods  in  the 
grating  were  moved  vertically  by  the  suitably  amplified  current  from 
illuminated  selenium  cells.  The  Gault  Teletactor,®  developed  at  about 
the  same  time,  was  designed  primarily  for  the  use  of  the  deaf  father 
than  of  the  blind,  but  likewise  used  touch  as  the  receptor.  The  stim¬ 
ulus  table  was  composed  of  a  number  of  posts  which  could  be  made 
to  vibrate  at  variable  and  differing  frequencies.  Finally,  a  device 
developed  by  Ranseen,  at  Northwestern  University,  about  1935,*  em¬ 
ployed  a  photocircuit  activated  by  light  reflected  from  the  page  and 
actuating  movable  needles  set  in  a  wooden  “hand.”  Devices  such  as 
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these,  which  are  quoted  merely  as  examples,  will  serve  to  indicate  the 
degree  to  which  engineering  attempts  have  been  made  to  utilize  the 
sense  of  touch  as  the  critical  channel  in  conveying  quantitative  in¬ 
formation  to  the  blind. 

Hearing.  It  is  probable  that  no  sense  has  been  so  widely  em¬ 
ployed  as  a  substitute  channel  for  the  blind  as  that  of  hearing.  The 
optophone  of  Fournier  d’Albe,®  which  has  already  been  mentioned, 
utilized  this  channel,  as  did  also  the  “crystal  phenopticon,”  developed 
by  Brown*  at  the  University  of  Iowa  in  1915.  This  device  employed 
selenium  cells  and  telephone  receivers.  A  “buzzer  guidance”  device 
developed  by  Kleber,^  for  the  American  Foundation  for  the  Blind,  ap¬ 
plied  this  same  channel  in  guidance  equipment,  as  do  a  “money  evalu¬ 
ator”  developed  by  La  Fleur®  of  Overbrook,  Ontario,  an  “audio  scale” 
for  the  blind  manufactured  by  the  Toledo  Scale  Company,®  and  a 
number  of  other  devices.  It  is  clear  that  hearing  presents  one  of  the 
most  promising,  as  well  as  one  of  the  commonest,  of  the  substitute 
sensory  channels. 

Stimulation  of  the  Optic  Nerve.  One  of  the  most  intriguing  possi¬ 
bilities  for  the  provision  of  a  substitute  channel  (though  by  no  means 
the  most  promising  one  at  present)  is  by  artificial  stimulation  of  the 
eye.  The  subject  is  one  of  peculiar  difficulty,  partly  because  of  the 
pitfalls  of  interpretation  that  beset  the  experimenter,  and  also  since 
relatively  little  is  known,  quantitatively,  today.  Despite  this  fact, 
the  field  is  one  of  the  oldest  in  the  whole  area  of  research  on  vision. 
As  has  already  been  noticed,  experiments  in  the  stimulation  of  the 
intact  and  functional,  and  even  of  the  cataract-blinded  eye,  date  back 
at  least  to  the  middle  of  the  eighteenth  century,  and  the  roster  of 
workers  includes  such  names  as  Ritter,^®  Purkinje,“  Pfiviger,  Miiller,** 
and  Nagel,  in  addition  to  LeRoy  and  Franklin.^®  Nearly  all  of  this 
early  work  was  of  crude  character,  as  might  have  been  expected,  both 
in  the  control  and  measurement  of  the  stimulus  (in  most  cases  pulsed 
D.C.  currents,  often  of  frighteningly  large  magnitude)  and  in  the 
interpretation  of  the  resulting  phenomena,  which  appears  often  to  have 
been  rather  highly  subjective. 

Recent  work  by  investigators  such  as  Bouman,^®  Kohn,^®  Loh- 
mann,  Schwarz*®  and  others  has  been  of  a  more  quantitative  character, 
and  has  involved  the  use  of  very  low-amperage  A.C.  and  D.C.  cur¬ 
rents,  as  well  as  of  electromagnetic  fields.  Studies  have  been  made 
particularly  of  the  sensation  of  fiash  in  the  intact  and  functional  eye. 
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with  special  reference  to  investigations  of  critical  flicker  fusion  fre¬ 
quency  and  the  study  of  visual  thresholds  and  visual  discrimination. 
Very  little  work,  however,  has  been  done  with  the  pathological  eye. 
The  Russian  workers,  Bogoslovski,^^  Bogoslovski  and  Ivanova,^* 
Akimochina,^®  and  their  colleagues,  have  rather  recently  reported  work 
on  the  electrical  stimulation  of  the  pathological  eye,  but  this  work  is 
still  difficult  to  evaluate. 

It  may  fairly  be  said  that  very  little  fundamental  work  has  been 
published,  on  the  electrical  stimulation  of  the,eye,  which  seems  to  be 
directly  applicable  to  the  problem  of  using  this  phenomenon  as  an 
additional  portal  of  entry  in  the  design  of  electronic  devices  for  the 
blind. 


Selection  op  Sensory  Avenues  op  Approach 

In  view  of  this  situation,  it  was  decided  to  discard  touch  tempo¬ 
rarily,  as  hearing  seemed  initially  more  promising. 

Optic  stimulation  was  clearly  not  immediately  practical.  How¬ 
ever,  it  seemed  important  to  initiate  some  fundamental  experiments  in 
this  field,  in  order  to  gain  further  background.  Accordingly,  an  “optic 
nerve  stimulator”  was  constructed,  arranged  to  give  a  constant  current 
through  the  eye,  either  as  D.C.  or  as  variable-frequency  A.C.,  at  a 
range  of  0-200  microamperes.  The  electrodes  consisted  of  two  metal 
cups  containing  pads  of  cotton  saturated  with  physiological  salt  solu¬ 
tion,  so  arranged  that  one  electrode  could  be  closely  applied  to  the 
closed  eyelid  and  the  other  to  the  back  of  the  neck. 

With  this  arrangement,  distinct  flashes  were  observed  by  normal 
subjects  at  very  low  currents,  the  thresholds  varying  widely  with  the 
operator.  It  is  not  yet  possible  to  state  whether  there  is  a  similar 
variation  of  critical  flicker  fusion  frequency.  A  sensation  closely  ap¬ 
proximating  the  often-described  “phosphene”  effect  was  obtained  with 
D.C.  With  the  large  pads,  the  sensations  were  generally  diffused  over 
the  whole  visual  field.  With  a  pointed  electrode  applied  to  the  eyelid, 
localization  was  possible. 

Five  blinded  subjects,  varying  widely  as  to  the  cause  of  their 
blindness  and  in  the  degree  of  destruction  of  the  eye,  were  subjected  to 
similar  conditions.  Only  one  of  them  reported  visual  effects,  at  the 
highest  current  which  could  be  delivered,  and  it  is  not  yet  certain  that 
they  were  not  subjective.  The  work  of  our  laboratory  in  this  area 
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is  in  its  very  early  phases,  and  it  is  much  too  soon  to  report  any 
definitive  results  or  to  present  any  deductions. 

For  practical  purposes,  it  was  decided  to  concentrate,  for  the  time 
being,  on  hearing  as  the  “portal  of  entry”  in  the  design  of  experimental 
reading  machines  and  guidance  devices. 

Reading  Machine 

The  reading  machine  must  be  essentially  a  “translating  machine,” 
rendering  the  type  which  it  “reads”  in  sound  to  the  blind  person,  by 
means  of  an  understandable  code.  There  are  a  number  of  ways  in 
which  this  effect  can  be  achieved.  One  of  the  simplest  is  a  literal 
rendering  of  each  word  letter  into  sound  as  a  frequency-modulated 
tone,  the  extent  and  the  pattern  of  modulation  being  a  function  of  the 
character  of  the  letter.  The  same  effect  can  be  achieved,  instead,  by 
amplitude  modulation  of  the  sound,  or  both  methods  may  be  used,  thus 
making  possible  the  simultaneous  use  of  two  parameters  as  indicators 
of  letter  size  and  shape.  These  methods,  however,  and  other  similar 
ones  which  depend  on  letter  perception,  all  have  the  inherent  limitation 
that  they  require  the  reader,  no  matter  how  expert,  to  “spell  out”  each 
word  and  hence  seriously  limit  his  reading  speed. 

It  would  be  far  better  if  the  sounds  of  the  letters  composing  entire 
short  words,  or  the  syllables  of  longer  words,  could  be  integrated  so 
that  they  would  be  perceived  as  single  units.  It  is  generally  conceded 
that,  in  ordinary  speech,  the  ear  must  have  at  least  three  sound  char¬ 
acteristics  to  represent  a  short  word  or  a  syllable  intelligibly.  The 
same  may  well  be  true  of  the  reading  machine. 

A  second  important  characteristic  of  the  sounds  which  are  selected 
to  represent  words  is  their  overall  quality.  In  the  older  reading  ma¬ 
chines,  and  in  the  earlier  ones  which  were  built  in  the  course  of  our 
own  program,  these  sounds  were  simply  modulated  tones.  It  is  quite 
possible  that  a  dot-and-dash  system,  similar  to  Morse  code,  might  be 
practicable  and  more  easily  apprehended.  It  is  also  possible  that 
series  of  sounds  so  modulated  as  to  resemble  phonetic  speech  (though 
not  identical  with  it)  might  be  much  more  easily  learned. 

Research  in  this  area  seems  important,  and  a  relatively  extended 
program  is  being  carried  forward.  Translations  of  text  are  made  into 
various  kinds  of  sound  media,  recordings  of  the  results  are  taken,  and 
these  are  used  to  determine  the  relative  rates  of  learning  of  rather  large 
groups  of  test  subjects.  A  “synthetic  speech”  has  been  constructed  by 
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segregating  the  voiced  and  unvoiced  vowels  from  the  consonant  and 
stop-consonant  sounds  of  the  English  language  and  recombining  them 
in  new  sequences.  This  has  given  promising  results,  indicating  that 
phonetic  quality  may  be  an  important  characteristic  of  such  sound- 
patterns.  At  the  other  end  of  the  scale,  sound  spectrograms  of  nor¬ 
mally  spoken  words  have  been  made  and  transferred  to  paper  nega¬ 
tives,  where  overtones  could  be  removed  or  added  and  the  effect  on 
intelligibility  tested.  It  has  been  found  that  such  a  spectrogram  can 
be  “stripped”  of  its  overtones  to  a  surprising  extent  before  the  intelli¬ 
gibility  of  the  resulting  word  is  lost,  although  its  emphasis  and  quality, 
and  generally  its  “character,”  disappear  early. 

We  have  felt  that  these  fundamental  studies  were  basic  to  an  in¬ 
telligent  program  in  the  design  of  a  reading  machine,  and  accordingly 
have  pushed  them  actively.  In  addition,  however,  several  types  of 
frequency-modulated  reading  machines  have  been  developed  under 
the  program  and  are,  at  present,  undergoing  tests  by  blind  persons. 

Guidance  Device 

A  guidance  device  for  the  blind  must  be  essentially  a  piece  of 
ranging  equipment,  analogous  in  certain  respects  to  radar,  but  em¬ 
ploying  light  or  sound.  Methods  using  light  may  employ  a  flickering 
and  modulated  source,  serving  as  a  beacon  and  permitting  the  blind 
person  to  orient  on  it  by  the  intensity  of  sound  which  he  hears  with  a 
simple  receiving  device  consisting  of  a  photocell  circuit,  amplifier,  and 
hearing  aid.  Such  lights  can  be  mounted  within  buildings  such  as 
factories  and  will  serve  as  ordinary  sources  of  illumination  while  also 
furnishing  points  of  orientation  for  blind  workers.  Alternatively,  for 
outside  work,  a  light  beam  may  be  thrown  out  which  will  be  reflected 
from  nearby  or  more  distant  objects,  the  returning  beam  being  me¬ 
chanically  modulated  at  a  frequency  which  varies  with  the  angle  of 
return,  so  giving  the  blind  person  a  sound  of  variable  pitch.  A  device 
of  this  sort  which  has  proved  quite  effective  was  originated  with  the 
Signal  Corps  of  the  Army  and  is  being  further  engineered  within  the 
group  operating  under  the  direction  of  the  Committee  on  Sensory 
Devices.  Instruments  of  the  first  type  were  built  early  under  the 
direction  of  the  Committee  and  proved  quite  effective  in  certain 
situations. 

If  a  sonic  or  supersonic  beam  is  used  as  the  ranging  medium,  the 
guidance  device  system  becomes  quite  analogous,  in  its  operation,  to 
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that  naturally  employed  by  the  bat  and  widely  used  by  blind  persons  I 

themselves.  Many  blind  persons  almost  instinctively  govern  their  I 

movements  by  the  amplitude  and  quality  of  the  echoes  which  they  P 

receive  from  their  environments.  The  sound-ranging  guidance  device  1 

essentially  attempts  to  increase  the  radius  and  the  fineness  of  their 
perception. 

Rather  extensive  experimental  work  is  being  carried  forward  in 
this  area  at  present,  seeking  to  discover  the  ranges  of  the  probe  that 
will  be  most  useful  to  the  blind,  the  situations  in  which  a  guidance  j 
device  is  most  needed,  the  optimum  frequencies  of  the  ranging  beam  in  J 
the  case  of  supersonic  devices,  and  the  comparative  merits  of  light¬ 
ranging  versus  sound-ranging  beams.  A  number  of  devices  have  been 
designed  of  both  sound-ranging  and  light-ranging  types  and  are  in  . 

experimental  use.  Comparative  tests  are  also  carried  out  with  toifch  S 

as  the  final  “portal  of  entry,”  a  vibrator  being  substituted  for  the 
headphone  on  the  device.  Lastly,  an  effort  is  being  made  to  design  f 
and  test  other  sorts  of  guidance  devices,  one  of  which  will  present  and 
interpret  a  pattern  rather  than  acting  as  a  point-by-point  probe.  It 
is  too  soon  to  make  predictions  as  to  which  method  of  approach  may 
prove  the  most  successful. 

It  is  clear  that-,  throughout  all  this  work,  fundamental  research 
is  of  great  importance,  and  emphasis  will  continue  to  be  placed  on  this 
part  of  the  program.  It  is  also  clear  that  much  of  the  information  , 
derived  in  the  work  on  the  reading  machine  will  be  applicable  to  the  I 
problem  of  the  guidance  device  and  vice  versa,  and  these  possibilities 
are  constantly  being  kept  in  mind. 
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SECTION  OF  PSYCHOLOGY 

Doctob  J.  McVickee  Hunt,  Director,  Institute  of  Welfare  Re¬ 
search,  Community  Service  Society  of  New  York,  New  York,  N.  Y.: 
Measuring  the  Effects  of  Social  Case  Work*  (This  lecture  was  illus¬ 
trated  by  lantern  slides.) 

Unlike  medicine,  law,  and  most  other  professions,  social  case  work 
largely  lacks  an  economic  check  on  its  effects  on  clients.  Historically, 
social  work  grew  out  of  charity.  For  this  reason,  its  practitioners  have 
had  to  look  to  philanthropists  instead  of  to  their  clients  for  economic 
support.  Moreover,  social  work  has  largely  lacked  a  scientific  measure 
of  its  effectiveness.  The  profession  has  at  its  disposal  nothing  like 
the  autopsy  of  medicine,  the  higher  court  of  law,  nor  the  achievement 
test  of  education  as  a  way  of  assessing  objectively  its  performance. 

It  is  to  the  credit  of  the  practitioners  of  social  work  that  tliey  them¬ 
selves  continually  point  out  these  facts. 

Of  course,  social  workers  have  always  had  their  own  subjective 
estimates  of  the  services  they  have  rendered  for  their  clients.  More¬ 
over,  in  recent  years,  tliey  have  attempted  to  make  these  estimates 
as  objective  as  possible  by  means  of  scoring  schedules,  which  usually 
consisted  of  identifying  the  clients’  problems  and  then  answering 
whether  or  not  these  problems  had  been  alleviated.  Unfortunately, 
none  of  these  scoring  schedules  have,  so  far  as  I  have  found,  deter¬ 
mined  the  reliability  of  the  judgments  involved.  Another  method  of 
assessment  of  services  rendered  has  been  the  follow-up,  but  this  has 
seldom  been  used.  A  third  method  attempts  to  assess  the  performance 
of  social  agencies  in  terms  of  their  effect  on  the  rate  of  “social  break¬ 
down”  in  the  community.  “Social  breakdowns”  are  crisis  situations 
in  families  which  have  come  to  public  recognition:  crime,  delinquency, 
mental  disease,  mental  deficiency,  divorce  or  desertion,  neglect  of  chil¬ 
dren,  and  unemployment.^  Social  workers  properly  resent  having  their  | 
work  measured  in  such  terms,  since  public  recognition,  however  ob-  | 
jective,  is  an  unequal  measuring  instrument.  Furthermore,  arranging  j 
public  recognition  for  the  problems  of  a  client  may  be  a  positive  service  ' 
which  case  workers  sometimes  render.  I 

The  case  work  research  project,  the  highlights  of  which  I  shall  I 

•  This  lecture  was  delivered  at  the  meeting  of  the  Section  of  Psychologry  on  I 

November  18,  1946.  L 

>  Divine,  T.  Social  Breakdown,  a  Plan  for  Measurement  and  Control.  Bulls-  P 
tin  101,  Community  Chests  and  Councils,  Inc.  New  York  City. 
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describe,  was  initiated  by  the  Committee  on  the  Institute  of  Welfare 
Research  in  the  Community  Service  Society  of  New  York.  It  has  re¬ 
sulted  in  two  measuring  instruments:  the  Distress-Relief  Quotient 
(DRQ)  and  a  “scale  of  judging  ‘movement’  or  change  in  clients.” 
The  project  was  originally  under  the  direction  of  Professor  John  Dol¬ 
lard  of  Yale  University.  First  O.  H.  Mowrer,  and  later  I  have  collab¬ 
orated  with  Dr.  Dollard  in  this  work.  The  Distress-Relief  Quotient 
was  devised  by  Dollard  and  Mowrer.  Dollard  and  I  have  devised  the 
scale  of  judging  “movement”  in  clients. 

The  Distress-Relief  Quotient  (DRQ)* 

Dollard  set  the  goal  of  the  case  work  research  project  as  a  measur¬ 
ing  instrument  which  would  be  simple  and  yet  would  reflect  the  com¬ 
plexity  of  case  work,  would  yield  a  numerical  score,  and  would  be  ap¬ 
plicable  to  case  records  as  they  are.  The  last  requisite  was  made  in 
order  that  the  mass  of  accumulated  case  records  might  be  used  to 
answer  various  questions,  such  as  the  effect  of  the  business  cycle  on 
the  achievement  of  family  case  work. 

The  theoretical  underpinning  of  the  Distress-Relief  Quotient  is 
reward-learning  theory.  Ideally,  clients  come  in  disturbed,  conflict¬ 
ful,  complaining  and  frowning,  and  they  go  out  in  the  end,  hopeful, 
planful,  and  smiling.  This  idea  of  distress  reduction  in  case  work  is 
one  commonly  implied  in  the  cases  presented  to  enlist  the  support  of 
givers.  Dollard  and  Mowrer  saw  the  case  worker  as  a  teacher,  the 
client  as  a  learner.  The  client  comes,  motivated  by  his  distressing 
problems.  In  helping  the  client  to  solve  these  problems,  the  case 
worker  attempts  to  lead  him  to  an  understanding  of  them,  encourages 
socially  adaptive  habits,  helps  to  remove  or  reduce  emotional  conflicts, 
alters  environmental  circumstances,  and  gives  financial  relief  when¬ 
ever  it  appears  that  such  relief  will  foster  the  client’s  adjustment  and 
adaptation.  Thus,  the  change  in  the  client  appears  as  a  change  in  his 
habit  structure,  and  the  new  habits  are  reinforced  by  the  reduction  in 
his  distress.  Thus,  the  authors  saw  a  measure  of  the  amount  of  dis¬ 
tress  reduction  as  a  way  of  cutting  through  the  manifold  variety  of 
problems  and  services  with  which  case  workers  deal  and  through  the 
variety  of  habits  which  their  work  must  reinforce.  To  be  sure,  the 
fact  that  distress  has  been  reduced  is  equivocal.  It  does  not  predict 

*  DoUard,  J.*  ft  O.  K.  Xowrer.  A  method  of  measuring  tension  in  written 
documents.  J.  Abnorm.  &  Soc.  Psychol.  42:  3*^22.  19.47. 
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what  the  client  may  learn.  It  might  indicate  habits  of  dependency  as 
well  as  habits  of  personal  independence.  But  it  was  assumed  that  the 
skill  of  case  workers  could  be  depended  upon  to  control  this  aspect. 

How  to  measure  distress  reduction  from  case  records,  was  the  next 
question.  It  was  assumed  that  case  records  contain  at  least  an  un¬ 
biased  sample  of  the  transactions  between  the  worker  and  the  client, 
and  that  the  language  in  the  record  would  reflect  the  emotional  change 
in  the  client  and  those  close  to  him.  With  these  assumptions  made, 
Dollard  and  Mowrer  hit  upon  the  idea  of  sorting  the  words  in  a  case 
record  into  three  categories:  (1)  those  implying  distress,  (2)  those  im¬ 
plying  relief  from  distress,  and  (3)  those  of  neutral  signiflcance.  These 
classes  of  words  could  be  counted  in  any  portion  of  a  case  record. 
Then,  for  any  portion,  the  number  of  distress  words  could  be  divided 
by  the  sum  of  the  distress  and  relief  words.  Neutral  words  need  not 
enter  into  the  picture.  The  DRQ  represents  the  distress  words  divided 
by  the  sum  of  distress  and  relief  words. 

The  next  question  was:  Could  such  a  classification  be  made,  re¬ 
liably,  by  different  people  reading  the  same  record?  The  authors 
scrambled  the  pages  of  a  37-page  record  and  had  8  students  from  the 
New  York  School  of  Social  Work  score  them  independently.  The 
average  intercorrelation  among  tbjir  scorings  was  +  .80. 

The  scorers,  in  this  part  of  tne  study,  complained  that  isolated 
words  were  poor  units.  They  argued  that  it  would  be  more  signifi¬ 
cant  to  score  sentences.  They  were  given  the  opportunity,  and  the 
average  intercorrelation  among  their  sentence  scorings  was  +  .81,  not 
appreciably  higher  than  word  scoring. 

Sentences  were  often  complex.  Frequently,  they  contained  clauses 
of  opposite  emotional  import.  For  this  reason,  it  was  decided  to  score 
the  independent  clauses  in  the  record.  The  average  intercorrelation 
among  the  “independent  clause  scorings”  of  10  students  turned  out  to 
be  +  .88.  Such  a  degree  of  reliability  was  accepted  as  satisfactory, 
and  this  method  was  chosen. 

A  measure  of  change  in  the  DRQ  was  obtained  by  a  modification 
of  the  Vincent  technique.  Records  were  arbitrarily  divided  into  tenths, 
in  order  to  obviate  the  complications  introduced  by  their  various 
lengths.  The  DRQ  for  each  successive  tenth  was  computed.  One 
could  then  take  either  the  difference  between  the  DRQ’s  of  the  first  and 
last  tenths  of  a  record  (DRQ  difference),  or  one  could  fit,  by  the 
method  of  least  squares,  a  straight  line  to  the  ten  points  derived  from 
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a  record  and  employ  the  slope  as  a  measure  of  the  change  (DRQ 
slope).  These  two  methods  yielded  approximately  equal  reliability 
coeflBcients  between  the  scorings  of  two  different  individuals.  They 
were  both  within  a  point  or  two  of  +  .80,  and  the  correlation  between 
these  two  measures  was  also  approximately  +  .80. 

The  next  question  was  the  validity  of  this  measure  of  the  effects 
of  case  work.  Casual  inspection  of  a  few  cases  showed  that  the  DRQ 
rose  and  fell  with  the  troubles  of  clients.  The  first  systematic  attempt 
to  determine  validity  consisted  of  correlating  changes  in  the  DRQ 
with  case  worker  judgments  of  what  they  call  movement,  namely,  the 
progressive  improvement  or  deterioration  in  a  case.  To  make  this 
validity  test,  each  of  the  thirteen  districts  in  the  Family  Service  De¬ 
partment  was  asked  to  supply  three  closed  cases,  one  depicting  great 
improvement,  one  moderate  improvement,  anf\  one  no  improvement  or 
even  deterioration.  Each  of  the  resulting  39  case  records  was  scored 
independently  by  two  students.  Measures  of  change  in  the  DRQ  were 
computed  for  each.  The  39  cases  were  classified  into  three  groups,  in 
terms  of  amount  of  change  in  the  DRQ.  The  eoeflScient  of  correlation 
between  DRQ  change  and  case  worker  judgments,  based  on  the  two 
three-group  elassifications  of  these  39  cases,  was  only  -f  .2,  disap¬ 
pointingly  low. 

Did  this  low  correlation  mean  that  the  DRQ  change  is  not  a  valid 
measure  of  the  effects  of  case  work  on  clients?  At  least  three  alterna¬ 
tive  conclusions  appeared  possible.  First,  perhaps  case  workers  do 
not  agree  well  in  their  judgments  of  movement.  Since  the  39  cases 
were  judged  by  13  different  workers,  this  low  correlation  might  merely 
reflect  the  unreliability  of  their  judgments.  Second,  the  assumption 
that  the  case  record  contains  an  unbiased  sample  of  the  emotional 
events  and  trends  in  a  case  may  be  poor.  The  case  record  might  be 
quite  inadequate  for  the  purposes  of  the  DRQ.  Third,  the  two  vari¬ 
ables  might  be  more  different  than  they  would  appear  to  be  from 
theoretical  considerations.  Fourth,  various  combinations  of  these  pos¬ 
sibilities  might  be  operative. 

Furthermore,  an  affirmative  answer  to  the  question  would  demand 
that  case  worker  judgments  of  movement  be  valid  measures  of  the 
change  in  clients  resulting  from  their  mutual  contacts.  It  should  be 
remembered  that  these  judgments,  as  well  as  the  DRQ,  are  merely 
predictive  estimates  of  the  change  in  the  client.  From  the  standpoint 
of  the  community,  this  change  should  show  (1)  in  the  way  the  clients 
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feel  in  their  various  roles,  and  (2)  in  the  way  clients  affect  others  in 
their  various  functions  and  community  relations.  Therefore,  this  first 
validity  test  consists  essentially  of  measuring  the  relationship  between 
two  predictive  estimates  based  on  differing  operations. 

The  Reliability  of  Case  Worker  Judgments  of  Movement 

In  continuing  with  the  project,  Dollard  and  I  decided  that  the  first 
alternative,  namely,  the  possible  unreliability  of  case  workers’  judg¬ 
ments  of  movement,  should  be  examined  first.  We  had  summaries  made 
for  38  of  the  39  case  records  on  which  we  already  had  DRQ’s.  One  rec¬ 
ord  was  omitted  because  it  involved  cross  reference  to  another.  These 
summaries  were  sent  to  the  worker  who  handled  each  case,  and  she 
was  asked  to  answer  the  question:  “Is  this  summary  as  good  as  the 
complete  case  record,  for  the  purpose  of  judging  movement?”  Each 
summary  was  revised  until  the  worker  on  the  case  considered  it  as 
good  as  the  whole  record. 

To  determine  the  degree  of  agreement  which  could  be  typically  ex¬ 
pected  from  case  workers  concerning  these  cases,  ten  case  workers  were 
selected  at  random  from  the  staff  of  the  Family  Service  Department. 
Each  was  asked  to  rate  the  amount  of  movement  indicated  in  our  38 
case  summaries,  on  a  five-step  verbal  scale:  none,  slight,  medium,  con¬ 
siderable,  and  great. '  When  these  words  were  given  numerical  values, 
and  the  ratings  of  the  ten  intercorrelated,  the  resulting  mean  inter- 
correlation  was  -|-  .70.  Because  the  38  cases  were  selected  in  a  manner 
expected  to  load  the  sample  with  extremes,  this  figure  may  be  a  spuri¬ 
ously  high  index  of  the  degree  of  agreement  which  may  be  expected 
from  a  random  sample  of  cases.  Nevertheless,  the  agreement  obtained 
is  much  higher  than  expected  and  tends  to  dispose  of  the  argument  that 
unreliability  of  case  worker  judgments  could  account  for  the  low  cor¬ 
relation  with  the  DRQ. 

The  final  blow  to  this  argument  came  from  correlating  averaged 
ratings  with  DRQ  changes.  The  averaged  ratings  from  five  of  our 
sample  of  workers  correlated  +  .95  with  the  averaged  ratings  of  the 
other  five.  Such  reliability  is  all  that  can  be  hoped  for.  Yet,  when 
these  averaged  ratings  were  correlated  with  the  DRQ  changes,  the  re¬ 
sulting  coefficient  was  again  approximately  +  .20. 

Although  the  intercorrelation  method  showed  surprisingly  high 
reliability  for  case  worker  judgments  of  movement,  workers  differed 
considerably  in  their  use  of  our  verbal  scale.  For  one  of  the  ten,  the 
most  optimistic,  the  mean  rating  for  the  38  cases  was  approximately  4, 
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or  considerable.  For  another,  the  least  optimistic,  the  mean  was  2+, 
or  between  slight  and  medium.  Thus,  the  average  amount  of  move¬ 
ment  seen  in  these  38  cases  by  the  two  workers  differed  by  more  than 
a  step  interval.  Such  a  constant  error  in  the  use  of  a  scale  is  a  serious 
defect. 

Case  workers  were  interested  in  the  effects  of  training  and  ex¬ 
perience  on  the  degree  of  agreement  concerning  movement  in  cases. 
To  answer  the  question,  a  sample  of  five  district  secretaries  and/or 
their  associates,  a  sample  of  five  students  at  the  New  York  School,  and 
five  students  from  Brown  University  were  asked  to  rate  the  38  cases. 
The  trend  in  mean  intercorrelations,  furnished  by  the  samples  of  raters 
from  groups  with  a  range  of  training  and  experience  from  almost  the 
maximum  to  none,  shows  a  clear  effect  of  training  (see  table  1). 
Workers  with  training  and  experience  agree  better  than  those  without 
them. 

Table  1 


Results  Obtained  fbom  Avekaqino  the  Within-Group  Intercorrelations  to 
Show  the  Effects  of  Training  and  Experience 


Group 

Number 

Mean 

S.D. 

District  secretary  and  associates 

5 

.78 

.039 

Random  sample  of  10  professional  case 
workers 

10 

.70. 

.073 

Students  from  NYSSW 

5 

.64 

.068 

Students  from  Brown  University 

5 

.59 

.101 

Dollard  and  I  concluded  from  this  study  (1)  that  unreliability  of 
case  worker  judgments  of  movement  could  not  be  blamed  on  their  low 
correlation  with  the  DRQ  changes  in  our  cases,  and  (2)  that  the  sur¬ 
prisingly  high  reliability  already  existing  among  case  worker  judg¬ 
ments  of  movement,  coupled  with  the  fact  that  training  and  experience 
in  case  work  clearly  improve  this  reliability,  promised  that  cultivation 
of  this  judgment  would  be  rewarding. 

A  “Scale  of  Movement”® 

We  decided  to  attempt  to  construct  an  anchored  scale  of  move¬ 
ment  which  would  (1)  reduce  the  size  of  the  constant  error  in  the  use 
of  a  scale  and  (2)  render  teachable  in  a  short  time  the  cues  used  in 
judging  movement  by  the  more  experienced  workers. 

>  Hnat,  J.  XoV.,  ft  J.  DoUard.  A  scale  for  judging  "movement”  in  the  clients 
of  social  case  work.  (To  be  published.) 
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We  had  anticipated  this  possibility  in  our  study  of  the  reliability  ■ 
of  case  worker  judgments.  Thus,  we  had  had  each  of  the  15  case  I 
workers  write  out  her  reasons  for  the  ratings  she  gave  to  each  of  the  P 
38  case  summaries.  As  a  result,  we  had  670  such  written  reports. 
With  a  committee  of  case  workers,  these  were  scrutinized  for  points  of  i 
agreement  and  of  disagreement. 

On  the  side  of  agreement,  it  was  found  that  all  our  15  case  workers  I 
employed  factors  classifiable,  under  the  following  rubrics,  as  evidence  I 
for  movement: 

1.  Changes  in  verbalized  understanding  of  self,  other  people,  or  of 
situations  physical  or  social. 

2.  Changes  in  disabling  habits  and  conditions,  like  poor  health.  - 

3.  Changes  in  adaptive  skills  or  abilities,  including  anything  from  I 

ways  of  managing  self  to  the  skills  of  a  trade.  I 

4.  Changes  in  circumstances  of  life,  ranging  from  getting  a  psy¬ 
chotic  individual  removed  to  an  improvement  in  living  quar¬ 
ters. 

5.  Prevention  of  predicted  deterioration  in  behavior  and  circum-  | 
stances. 

6.  Estimated  permanence  of  changes. 

As  these  areas,  of  agreement  were  examined,  they  were  reduced  to 
four.  First,  absence  of  predicted  deterioration  appeared  tenuous,  and 
inspection  showed  that,  while  it  was  mentioned  by  all  15  professional 
workers,  it  was  never  mentioned  by  all  or  even  a  majority  in  connec¬ 
tion  with  a  single  case.  Furthermore,  the  case  workers  on  the  exam¬ 
ining  committee  agreed  that  whenever  movement  was  discernible  at 
all,  there  was  other  evidence  than  the  absence  of  predicted  deteriora¬ 
tion.  This  item  was  consequently  discarded.  Secondly,  permanence 
of  changes  appeared  to  be  estimated  from  having  at  hand  evidence  of 
changes  in  behavior  coupled  with  evidence  of  verbalized  understanding. 

This  fact  is  interesting,  because  it  is  just  what  one  would  predict  from 
learning  theory.  Changes  in  behavior  may  be  narrow  and  limited  to  I 
the’  cues  in  specific  situations.  One  could  thus  expect  any  change  to 
upset  the  improvement.  Verbalized  understanding  may  be  mere  talk 
and  never  eventuate  in  overt  action.  On  the  other  hand,  if  these  two 
types  of  change  are  combined,  the  behavioral  evidence  attests  the  real-  i 
ity  of  change,  and  the  verbalized  understanding  gives  proof  of  some 
degree  of  generality  and  transferability  in  the  change.  Thus,  per¬ 
manence  was  discarded  as  a  separate  factor. 
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On  the  side  of  disagreement,  there  were  a  number  of  factors  which 
we  attempted  to  remove  by  either  setting  rules  for  them  or  ruling 
them  out  by  asking  the  judges  to  consider  them  separately.  These 
were: 

1.  Some  workers  picked  out  a  single,  principal  client  as  the  basis 
for  judgment,  while  the  majority  took  all  the  clients  in  a  case 
into  consideration.  Since  the  cases  of  family  service  may  in¬ 
volve  several  individuals,  we  sided  with  the  majority. 

2.  Some  workers  concentrated  on  a  particular  problem  which 
they  considered  central,  while  the  majority  took  all  the  evi¬ 
dent  problems  into  account.  We  sided  with  the  majority. 

3.  Most  workers  demanded  evidence  of  “personal  growth”  (t.e., 
changes  in  verbalized  understanding,  disabling  habits,  and 
adaptive  abilities)  for  considerable  or  great  movement,  while 
others  were  satisfied  with  changes  in  life  circumstances. 
Again,  we  sided  with  the  majority. 

4.  Some  workers  disagreed  about  the  relative  merits  of  verbal 
and  behavioral  types  of  evidence,  although  the  majority  de¬ 
manded  both  for  considerable  or  great  movement.  We  sided 
with  the  majority  and  backed  it  with  a  theoretical  interpre¬ 
tation. 

5.  A  few  workers  explicitly  considered  movement  as  relative  to 
diagnostic  or  treatment  aims.  Since  the  diagnosis  and  treat¬ 
ment  aims  are  seldom  explicit  in  a  record,  we  put  this  factor 
in  a  “not-movement”  category  and  asked  judges  to  rate  sepa¬ 
rately  the  degree  to  which  treatment  aims  were  achieved. 

6.  Occasionally,  workers  rated  down  the  movement  in  a  case  be¬ 
cause  it  appeared  to  have  been  initiated  by  something  other 
than  case  work.  Ruled  “not  movement,”  and  judges  asked 
to  state  separately  the  degree  of  case  work  responsibility. 

7.  Rapidity  of  change  in  the  clients  of  a  case  was  occasionally 
reported  as  evidence  of  movement.  Ruled  “not  movement,” 
rate  separately. 

8.  Workers  rather  frequently  confused  items  of  technique  and 
skill  in  handling  a  case  with  their  reasons  for  movement. 
Ruled  “not  movement,”  rate  skill  used  separately. 

9.  Workers  differed  in  their  conception  of  the  relation  of  serv¬ 
ices  rendered  to  movement.  Ruled  “not  movement,”  judge 
separately. 
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10.  A  few  workers  confused  overall  amount  of  case  work  effort 
with  the  movement  in  the  clients.  Ruled  “not  movement,” 
judge  separately. 

After  these  decisions  were  made,  we  incorporated  them  into  a  defi¬ 
nition  of  movement,  as  “change  in  the  adjustive  and  adaptive  habits, 
in  the  health,  and  in  the  environmental  circumstances  of  the  clients  in 
a  case.” 

We  then  proceeded  to  the  construction  of  the  scale.  We  chose  a 
seven-step,  two-directional  scale  with  the  steps  labelled  —  2,  —  1,  0, 
+  1,  +  2,  +3,  and  +  4.  With  this  went  the  instruction  that  judges 
were  to  treat  these  steps  as  equal-appearing  amounts  of  change  in 
cases  based  on  evidence  in  case  records.  The  four  categories  of  evi¬ 
dence,  (1)  verbalized  understanding,  (2)  disabling  habits  and  condi¬ 
tions,  (3)  adaptive  ability,  and  (4)  environmental  circumstances,  were 
defined  and  their  interrelations  pointed  out.  Instructions  were  made 
explicit  concerning  the  extensive  factor  involved  by  virtue  of  the  fact 
that  most  cases  (families)  contain  several  clients.  For  instance,  a 
rating  of  +  4  required  “marked  improvement  in  every  aspect  for  all 
clients  for  which  evidence  exists”;  +  2  requires  “some  improvement  in 
all  aspects  for  some  of  the  clients  in  a  case”;  and  —  2  “worse  at  clos¬ 
ing  than  at  opening  for  all  aspects  for  nearly  all  clients.”  We  had 
found,  empirically,  fewer  steps  of  deterioration  than  of  improvement, 
a  fact  which  dictated  an  unbalanced  scale.  Special  instructions  were 
supplied  concerning  the  points  where  disagreement  among  workers  had 
been  found.  The  factors  considered  “not  movement”  were  listed  in  a 
separate  place,  with  separate  scales  and  instructions  to  judge  them  in¬ 
dependently  in  order  to  make  them  stand  out  distinctively.  Anchor¬ 
ing  case  summaries  were  provided  for  steps  —  2,  0,  and  +  4,  in  order 
to  cut  down  the  constant  errors  in  the  use  of  the  scale.  The  instruc¬ 
tions,  the  reasons  for  them,  the  anchoring  case  summaries,  and  illus¬ 
trative  applications  of  the  instructions  to  the  evidence  in  them  were 
described  in  full  in  a  mimeographed  manual.  Finally,  the  various  in¬ 
structions  were  summarized  on  a  single  sheet  which  raters  could  keep 
before  them  while  they  were  in  the  process  of  reading  records  and 
making  judgments.  One  of  the  instructions  was  to  read  the  anchoring 
case  summaries  before  each  stint  of  rating. 

The  sum  total  of  this  procedure  consisted  merely  in  applying  the 
laboratory  findings  on  judgment  to  the  judging  of  the  effects  of  case 
work. 
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Results  from  Applying  the  Scale 

When  the  scale  had  been  completed,  we  selected  at  random  an¬ 
other  10  case  workers  from  the  staff  of  the  Family  Service  Department. 
These  workers  were  given  our  manual  and  the  instruction  sheet,  and 
asked  to  rate  the  movement  in  our  38  cases.  This  procedure  consti¬ 
tutes  what  we  shall  call  “rating  without  practice  in  the  use  of  the 
scale.” 

When  the  resulting  ratings  were  intercorrelated,  the  mean  coeflScient 
was  +  .705.  This  is  to  be  compared  with  the  mean  intercorrelation  of 
+  .70  obtained  from  the  original  sample  without  a  scale.  In  other 
words,  without  practice  in  its  use,  the  scale  failed  to  improve  the  re¬ 
liability  of  ratings  of  movement.  It  did,  however,  reduce  the  constant 
error  in  the  use  of  the  scale.  For  example,  the  difference  between 
averaged  ratings  for  the  38  cases  by  the  most  and  least  optimistic 
workers  was  reduced  to  .68  step  on  a  seven-step  scale,  as  compared 
with  1.02  on  a  five-step  scale. 

These  results  were  disappointing.  It  appeared  likely,  however,  that 
mere  written  instructions  were  insuflBcient  to  change  older  habits.  We 
decided  to  give  this  new  group  of  case  workers  practice  in  the  use  of 
the  scale  and  try  it  again.  A  set  of  nine  new  case  summaries  was 
made  for  this  purpose,  and  the  workers  were  assembled  for  two  ses¬ 
sions  of  about  three  hours  each.  The  training  consisted,  first,  of  an 
illustrative  application  of  the  scale  to  one  case  summary  and,  second, 
of  independent  rating  followed  by  discussion  for  the  other  eight.  The 
group  reached  a  point  at  which  disagreement  was  reduced  to  a  limit 
of  only  two  steps  of  the  seven  possible. 

When  these  workers  then  re-rated  our  38  cases,  the  mean  inter¬ 
correlation  among  their  ratings  was  increased  to  +  .78  (see  table  2). 

Table  2 

Low,  High,  and  Mean  Coefficients  of  Intercorrelation  among  the  Ratings  of 

Individual  Case  Workers  in  Samples  Selected  at  Random  from  the 
Staff  of  the  Family  Service  Department 


Sample 

Low  r 

High  r 

Mean  r 

S.  D. 

First,  without  scale 

.56 

.91 

.700 

.073 

Second,  with  scale,  no  practice 

.54 

.84 

.705 

.063 

Second,  with  scale  and  practice 

.65 

.88 

.778 

.052 

Moreover,  practice  further  reduced  the  constant  error  in  the  use 
of  the  scale.  To  show  this  effect,  we  averaged  the  ratings  of  all  38  # 
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cases  by  the  four  most  optimistic  and  by  the  four  least  optimistic 
workers  in  each  sample,  and  computed  the  differences  between  these 
means.  The  results  (see  table  3)  show  that  we  almost  succeeded  in 
halving  this  difference.  Supplying  anchoring  case  summaries  defi¬ 
nitely  reduced  the  constant  error. 

Table  3 

The  Effect  op  the  Scale,  and  of  Practice  with  it,  on  Constant  Errors,  as 
Measured  by  the  Differences  between  the  Means  of  the  Ratings  of  All 
38  Cases  by  the  Four  Most  and  Four  Least  Optimistic  Workers 


Sample 

Difference 

First,  without  scale 

.540 

Second,  with  scale,  no  practice 

.415 

Second,  with  scale  and  practice 

.295 

Again,  the  mean  intercorrelation  of  +  .78  may  be  a  spuriously 
high  estimate  of  the  agreement  which  can  be  obtained  by  rating  with 
this  scale  a  random  sample  of  cases.  It  promises,  however,  that  one 
can  expect  to  control  a  large  share  of  the  variance  by  a  combination  of 
training  and  selecting  raters  for  any  research  task. 

Conclusion 

The  research  described  here  should  be  considered  as  a  report  of 
progress  in  measuring  the  effects  of  case  work. 

The  principal  gain  has  been  that  of  striking  direct  at  the  problem 
of  the  reliability  of  measures  in  this  area. 

We  have  described  two  instruments  for  measuring  the  effects  of 
case  work  on  clients  as  given  in  case  records,  the  change  in  the  Dis¬ 
tress-Relief  Quotient  and  a  scale  for  judging  movement  in  cases. 
These  two  measures  correlate  poorly. 

The  question  of  the  validity  of  the  two  measures  remains  un¬ 
answered. 

The  question  of  the  validity  of  case  records  also  remains  un¬ 
answered  at  this  time. 
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GENERAL  CONFERENCE 
December  6  and  7, 1946 

Conference  on  “Nutrition  in  Relation  to  Cancer.” 

The  New  York  Academy  of  Sciences  and  The  Panel  on  Nutrition, 
Committee  on  Growth,  National  Research  Council,  held  a  Conference 
on  “Nutrition  in  Relation  to  Cancer.”  Doctor  Charles  Glen  King, 
Nutrition  Foundation,  Inc.,  New  York,  N.  Y.,  was  the  Conference 
Chairman  in  charge  of  the  meeting. 

The  program  consisted  of  the  following  papers: 

Friday,  December  6 

Morning  Session.  “Introduction,”  by  the  Conference  Chairman. 

“Policies  of  the  Committee  on  Growth;  Criteria  of  Excellence  in 
Cancer  Research,”  by  Cornelius  P.  Rhoads,  Memorial  Hospital,  New 
York,  N.  Y. 

“Effects  of  Varying  Calorie  Intake  upon  Tumor  Incidence  and 
Growth,”  by  Albert  Tannenbaum,  Michael  Reese  Hospital,  Chicago, 
Illinois. 

“Studies  on  the  Mechanism  of  the  Effects  of  Fats  and  Other 
Dietary  Factors  on  Carcinogenesis  by  the  Azo  Dyes,”  by  James  A. 
Miller,  University  of  Wisconsin,  Madison,  Wisconsin. 

“Dietary  Factors  that  Influence  the  Carcinogenic  Activity  of  Azo 
Dyes  and  Related  Compounds,”  by  C.  J.  Kensler,  Memorial  Hospital, 
New  York,  N.Y. 

Afternoon  Session.  Chairman,  Hubert  B.  Vickery,  Connecticut 
Agricultural  Experiment  Station,  Storrs,  Connecticut. 

“Level  of  Protein  Ingestion,  and  an  Appraisal  in  Terms  of  Pro¬ 
tein  Composition,”  by  Julius  White,  Florence  R.  White,  and  G.  B. 
Mider,  National  Cancer  Institute,  Bethesda,  Maryland. 

“Carcinogenic  Effects  Associated  with  Choline  and  Allied  Nutri¬ 
ents,”  by  R.  W.  Engel,  D.  H.  Copeland,  and  W.  D.  Salmon,  Alabama 
Polytechnic  Institute,  Auburn,  Alabama. 

“The  Mammary  Tumor  Milk  Agent,”  by  John  J.  Bittner,  Univer¬ 
sity  of  Minnesota,  Minneapolis,  Minnesota. 

“Some  Basic  Contributions  to  the  Cancer  Problem  from  the  Study 
of  Plants,”  by  W.  J.  Robbins,  New  York  Botanical  Garden,  New  York, 
N.Y. 
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'  Evening  Session.  Chairman,  Albert  Claude,  Rockefeller  Institute 
for  Medical  Research,  New  York,  N.  Y. 

“Organizers  in  Embryonic  Development,  Regeneration,  and  in 
Neoplasms,”  by  0.  Schotte,  Amherst  College,  Amherst,  Massachusetts. 

“Chemically  Induced  Mutations  and  Their  Bearing  on  Carcino¬ 
genesis,”  by  E.  L.  Tatum,  Yale  University,  New  Haven,  Connecticut. 

Saturday,  December  7 

Chairman,  A,  Baird  Hastings,  Harvard  University,  Cambridge, 
Massachusetts. 

“The  Nutrition  of  Monocellular  Animal  Organisms,”  by  G.  W. 
Kidder,  Amherst  College,  Amherst,  Massachusetts. 

“The  Nutrition  of  Malignant  Tissues  in  Vitro,"  by  Philip  R.  White, 
Institute  for  Cancer  Research,  Philadelphia,  Pennsylvania. 

“Carcinogenic  Effects  Associated  with  Vitamin  Intake,”  by  Har¬ 
old  P.  Morris,  National  Cancer  Institute,  Bethesda,  Maryland. 

“Mechanisms  of  Vitamin  Action  in  Tumor  Development  and 
Therapy,  with  Special  Reference  to  Biotin,”  by  Dean  Burk,  National 
Cancer  Institute,  Bethesda,  Maryland. 
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REPORT  OF  THE  ANNUAL  MEETING 
December  17, 1946 

The  129th  Annual  Meeting  of  the  Academy,  for  the  election  of 
Officers  and  Fellows,  the  presentation  of  reports,  and  the  transaction 
of  other  business  was  held  at  the  Hotel  Astor  on  the  evening  of  Tues¬ 
day,  December  17. 

The  Corresponding  Secretary  reported  that  there  are  now  49 
Honorary  Members  upon  the  rolls  of  the  Academy.  The  death  of  one 
Honorary  Life  Member  was  reported  during  the  past  year. 

The  Recording  Secretary  reported  that,  during  the  past  year,  the 
Academy  held  29  Regular  Sectional  Meetings,  in  addition  to  13  Con¬ 
ferences  and  the  Annual  Meeting,  at  all  of  which  172  stated  papers  of 
high  scientific  caliber  were  presented. 

Nineteen  informal  receptions  and  social  hours  were  held  in  con¬ 
nection  with  various  Sectional  Meetings  and  Conferences. 

The  13  conferences  on  special  subjects  of  research,  held  during  the 
year,  were  attended  by  outstanding  investigators  in  the  fields  repre¬ 
sented.  The  titles  of  these  conferences  are  as  follows:  General  Con¬ 
ference,  “Teleological  Mechanisms” ;  Joint  Meetings,  Section  of  Biol¬ 
ogy  and  Section  of  Physics  and  Chemistry,  “Muscular  Contraction” 
and  “Folic  Acid”;  Joint  Meeting,  Section  of  Biology  and  Section  of 
Psychology,  “Physiological  and  Psychological  Factors  in  Sex  Behav¬ 
ior”;  Section  of  Biology,  “Antibiotics,”  “The  Physico-Chemical  Mech¬ 
anism  of  Nerve  Activity,”  “The  Relation  of  Diseases  in  the  Lower 
Animals  to  Human  Welfare,”  “Some  Aspects  of  Red  Cell  Production 
and  Destruction,”  “Hemorrhage,”  “Bioluminiscence,”  and  “The  Biol¬ 
ogy  of  Normal  and  Atypical  Pigment  Cell  Growth”;  Section  of  Ocean¬ 
ography  and  Meteorology,  “Convection  Patterns  in  the  Atmosphere 
and  Ocean”;  Section  of  Physics  and  Chemistry,  “Chromatography” 

The  Council  of  the  Academy  unanimously  voted  to  elect  Mr.  Wil¬ 
liam  Otis  Sweet  a  Benefactor,  in  recognition  of  his  generous  contribu¬ 
tions  to  the  Academy  through  the  erection  of  the  William  Otis  Sweet 
Fund.  Eight  Honorary  Life  Members,  2  Life  Members,  13  Sustaining 
Members,  686  Active  Members,  76  Associate  Members,  and  17  Stu¬ 
dent  Members  were  added  to  the  rolls,  of  which  775  are  now  in  good 
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standing  and  27  await  qualification  through  payment  of  dues.  Thus, 
a  total  of  802  new  Members  were  added  during  the  year.  Two  Active 
Members  were  transferred  to  Life  Membership,  by  payment  of  One 
Hundred  Dollars.  Thirty-three  transfers  and  4  reinstatements  were 
also  effected  between  the  various  classes  of  Membership,  with  the  ap¬ 
proval  of  the  Council. 

The  Academy  has  lost  by  death  1  Honorary  Life  Member,  5  Life 
Members,  7  Sustaining  Members,  8  Active  Members,  and  4  Associate 
Members.  Forty-three  resignations  were  accepted,  52  names  were 
dropped  for  non-payment  of  dues,  and  5  for  not  having  qualified  for 
Membership. 

The  record  now  stands  with  a  net  gain  of  687  Members.  There 
are  at  present  upon  the  rolls  of  the  Academy  2,974  Members,  of  whom 
355  are  Fellows.  These  include  1  Benefactor,  1  Patron,  49  Honorary 
Life  Members,  93  Life  Members,  122  Sustaining  Members,  1,986  Active 
Members,  671  Associate  Members,  and  51  Student  Members. 

The  Editor  reported  that,  during  the  fiscal  year  of  1946,  the  Acad¬ 
emy  published  a  total  of  2,070  pages.  Of  this  amount,  1,598  pages 
were  published  in  the  Annals  (13  articles),  190  pages  in  the  Special 
Publications,  and  282  pages  in  the  Transactions.  In  addition  to  the 
Annals  articles  published  during  the  year.  Article  10  of  Volume  46, 
Articles  5  and  6  of  Volume  47,  and  Articles  6,  7,  and  8  of  Volume  48 
are  in  press,  to  be  issued  shortly.  Several  articles  of  Volumes  49  and 
50  are  in  the  Editor’s  hands  and  are  being  prepared  for  the  printer. 

The  detailed  list  of  those  publications  which  have  appeared  this 
year  is  as  follows: 


ANNALS 

Volume  46,  Article  6,  “Surface  Active  Agents”  (9  papers),  by  M.  L.  Anson,  R.  R. 
Ackley,  Earl  K.  Fischer,  David  M.  Cans,  M.  H.  Hassialis,  Rollin  D.  Hotch¬ 
kiss,  Donald  Price,  A.  M.  Ralston,  Leo  Shedlovsky,  and  E.  I.  Valko.  Pages 
347-530.  Published  March  15, 1946. 

Volume  46,  Article  7,  “Non-Projective  Personality  Tests”  (11  papers),  by  Harold 
A.  Abramson,  Keeve  Brodman,  Harold  J.  Harris,  George  G.  Killinger,  Bela 
Mittelmann,  Zygmunt  A.  Piotrowski,  David  Rapaport,  Roy  Schafer,  Martin 
Scheerer,  David  Wechsler,  Arthur  Weider,  Harold  G.  Wolff,  Edith  Wlad- 
kowsky,  and  Joseph  Zubin.  Pages  531-678.  Published  July  1946. 

Volume  46,  Article  8,  “Lymph”  (10  papers),  by  Philip  D.  McMaster,  Robert 
Chambers,  Eliot  R.  Clark,  Thomas  F.  Dougherty,  Cecil  K.  Drinker,  William 
E.  Ehrich,  Eugene  M.  Landis,  Valy  Menkin,  Paul  A.  Nicoll,  Richard  L.  Webb, 
Abraham  White,  and  B.  W.  Zweifach.  Pages  679-882.  Published  September 
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Volume  46,  Article  9,  “Blood  Grouping”  (7  papers),  by  William  C.  Bwd,  J.  W. 
Cameron,  L.  K.  Diamond,  Philip  Levine,  M.  Melin,  J.  L.  Oncley,  Louis  Pil- 
lemer,  D.  A.  Richert,  Eve  B.  Sonn,  A.  S.  Wiener,  and  Ernest  Witebsky. 
Pages  883-992.  Publi^ed  November  8,  1946. 

Volume  47,  Article  1,  “The  Golgi  Apparatus — An  Interpretation  of  Its  Structure 
and  Significance,”  1^  Leonard  G.  Worley.  Pages  1-56.  J^blished  February 
1,  1946.  Awarded  Honorable  Mention,  A.  Cressy  Morrison  Prize  Competi- 
*  tion,  1945. 

Volume  47,  Article  2,  “Amino  Acid  Analysis  of  Proteins”  (10  papers),  by  William 
I H.  Stein.  Reginald  M.  Archibald,  Erwin  Brand,  R.  Keith  Cannan,  Hans  T. 
Clarke,  John  T,  Edsall,  G.  L.  Foster,  Stanford  Moore,  David  Shemin,  Es¬ 
mond  E.  Snell,  and  Hubert  B.  Vickery.  Pages  57-240.  Published  August 
29,  1946. 

Volume  47,  Article  3,  “Proteins  and  Protein  Hydrolysates  in  Nutrition”  (8  papers), 
by  James  B.  Allison,  John  A.  Anderson,  Richard  H.  Barnes,  David  K.  Boss- 
hardt.  Bacon  F.  Chow,  Co  Tui,  Robert  Elman,  L.  L.  Miller,  John  P.  Peters, 
F.  S.  Robscheit-Robbins,  Robert  D.  Seeley,  and  G.  H.  Whipple.  Pages  241- 
374.  Published  October  30,  1946. 

Volume  47,  Article  4,  “The  Physico-Chemical  Mechanism  of  Nerve  Activity”  (13 
papers),  by  David  Nachmansohn,  Charles  M.  Berry,  Oscar  Bodansky,  Frank 
Brink,  Jr.,  Detlev  W.  Bronk,  M.  Vertner  Brown,  C.  W.'Coates,  R.  T.  Cox,  J. 

C.  Eccles,  Alfred  Fessard,  J.  F.  Fulton,  R.  W.  Gerard,  Alfred  Gilman,  D.  E. 
Green,  Joseph  C.  Hinsey,  Rudolf  Hbber,  Martin  G.  Larrabee,  and  Tracy  J. 
Putnam.  Pages  375-602.  Published  December  15,  1946. 

Volume  48,  Article  1,  “The  Limitations  of  Optical  Image  Formation,”  by  Max 
Herzberger.  Pages  1-30.  Published  August  28,  1946.  Awarded  an  A.  Cressy 
Morrison  Prize,  1945. 

Volume  48,  Article  2,  “Antibiotics”  (12  papers),  by  Werner  W.  Duemling,  Gar¬ 
field  G.  Duncan,  William  H.  Feldman,  J.  W.  Foster,  A.  Hervey,  H.  C.  Hin- 
shaw,  M.  J.  Johnson,  F.  Kavanagh,  A.  Kleinman,  Hans  Molitor,  Edwin  Pu¬ 
laski,  Geoffrey  Rake,  Kenneth  B.  Raper,  D.  M.  Reynolds,  Arthur  P.  Richard¬ 
son,  W.  J.  Robbins,  H.  Robinson,  A.  Schatz,  Selman  A.  Waksman,  and  H.  B. 
Woodruff.  Pages  31-218.  Published  September  27, 1946. 

Volume  48,  Article  3,  “Polyelectrons,”  by  John  Archibald  Wheeler.  Pages  219- 
238.  Published  October  11, 1946.  Awarded  an  A.  Cressy  Morrison  Prize,  1945. 
Volume  48,  Article  4,  “The  Effect  of  Artificially  Altered  Length  of  Day  on  Molt 
in  the  Silver  Fox,”  by  Charles  F.  Bassett.  Pages  239-254.  Published  Oc¬ 
tober  24,  1946. 

Volume  48,  Article  5,  “Folic  Acid”  (13  papers),  by  Y.  SubbaRow,  Robert  B. 
Angier,  Nestor  Bohonos,  James  Boothe,  Mary  C.  Clark,  Donna  B.  Cosulich, 
Raymond  W.  Cunningham,  Floyd  S.  Daft,  M.  J.  Fahrenbach,  Ben  King 
Harned,  Robert  W.  Heinle,  M.  E.  Hultquist,  Brian  L.  Hutchings,  Erwin  Kuh, 
John  H.  Mowat,  Evelyn  M.  Nelson,  H.  V.  Nelson,  E.  H.  Northey,  W.  H. 
Peterson,  Doris  R.  Seeger,  Joseph  Semb,  J.  P.  Sickels,  Nathan  Sloane,  Helen 

D.  Smith,  James  M.  Smith,  Jr.,  Tom  D.  Spies,  E.  L.  R.  Stokstad,  John  R. 
Totter,  Coy  W.  Waller,  and  Arnold  D.  Welch.  Pages  255-350.  Published 
November  30, 1M6. 

SPECIAL  PUBLICATIONS 

Volume  III:  “E:q)erimental  Hypertension”  (10  papers),  by  William  Goldring, 
Richard  J.  Bing,  Eduardo  Cruz  Coke,  M.  L.  Goldberg,  Harry  Goldblatt,  B. 
Gomberg,  Arthur  Grollman,  C.  A.  Johnson,  Oliver  Kamm,  Luis  F.  Leloir,  H. 
Minatoya,  W.  G.  Moss,  Eric  Ogden,  Irvine  H.  Page,  John  W.  Remington, 
L.  A.  Sapirstein,  and  G.  E.  Wakerlin.  Pages  i-x;  1-180.  Published  as  a 
cloth-bound  volume,  June,  1946. 
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TRANSACTIONS 

Series  II,  Volume  8,  Nos.  1-8,  consistini;  of  282  pages,  was  completed,  printed, 
and  distributed  each  month  from  November,  1945,  to  June,  1946,  inclusive. 

The  Librarian  reported  that,  during  the  year  1946,  the  Academy 
distributed  36,305  separate  publications  and  8,719  complete  volumes  of 
the  various  published  series,  as  follows: 

Separate  Numbers — Annals,  30,197;  Scientific  Survey  of  Porto 
Rico  and  the  Virgin  Islands,  240;  Transactions,  Series  II,  4,936;  Spe¬ 
cial  Publications,  Authors’  Reprints,  900;  Bulletins,  32. 

Volumes — Annals  of  the  Lyceum,  33;  Proceedings  2;  Special  Pub¬ 
lications,  1,419;  Transactions,  Series  I,  16,  and  Series  II,  3,168;  Bul¬ 
letins,  4,081, 

The  Academy  has  received,  from  exchange  institutions,  2,543  sepa¬ 
rate  publications,  which  have  been  duly  turned  over  to  the  library  of 
The  American  Museum  of  Natural  History,  in  accordance  with  the 
purchase  agreement  between  the  two  institutions.  The  Academy  has 
shipped  the  Annals  and  Transactions  to  all  its  exchange  institutions 
throughout  the  world,  except  Germany  and  Japan,  the  latter  two  coun¬ 
tries  still  being  closed  to  communications  by  our  Government. 

During  the  past  fiscal  year,  the  total  income  from  all  sources 
amounted  to  $63,447.60.  This  is  an  increase  of  $24,066.77  above  that 
of  1945.  The  disbursements  amounted  to  $58,579.52. 

Through  the  cordial  sponsorship  of  its  members,  the  Academy 
added  802  new  names  and  4  reinstatements  to  its  rolls,  which  repre¬ 
sents  a  gain  of  $4,018.50  in  our  revenue  from  membership  dues,  mak¬ 
ing  a  total  of  $13,288.00  from  this  source. 

Receipts  from  sales  of  publications  and  library  exchanges  amount¬ 
ed  to  $12,405.28,  a  gain  of  $5,289.95. 

Mr.  William  Otis  Sweet  made  an  additional  contribution  of 
$7,500.00  to  the  fund  established  in  his  name,  making  a  total  of 
$11,000.00.  A  grant  of  $2,500  was  made  from  the  capital  of  this  fund 
to  Doctor  Barnum  Brown  for  an  expedition  in  search  of  Pterosaurs. 

A  seventh  payment  from  the  Nathaniel  Lord  Britton  Estate,  of 
$1,400.00,  was  received  during  the  past  year.  This  was  added  to  the 
Nathaniel  Lord  Britton  Fund,  bringing  its  present  capital  to  $25,428.60. 

Mr.  A.  Cressy  Morrison  contributed  the  sum  of  $1,850.00,  of  which 
$1,400.00  was  credited  to  the  A.  Cressy  Morrison  Prize  Competition 
and  $450.00  as  a  grant  to  aid  in  publication  expenses.  ^ 
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Through  the  sales  of  certain  stocks,  a  net  capital  gain  of  $5,660.91 
was  added  to  the  gain  recorded  as  of  1945.  Thus,  a  total  surplus  gain 
of  $12,047.88  on  sales  of  investments  is  produced. 

The  book  value  of  the  Academy’s  investments  and  cash  on  hand, 
as  of  November  30,  1946,  now  amounts  to  $96,807.41.  There  is  a  net 
surplus  of  $4,868.08  above  the  total  of  the  endowment  funds  at  the  end 
of  the  fiscal  year. 

The  Treasurer  reported  that  the  Academy,  in  its  effort  to  maintain 
and  expand  its  important  contributions  to  scientific  research  and  in 
publishing  its  results,  is  greatly  hampered  by  the  need  for  additional 
funds. 


The  A.  Cressy  Morrison  Prizes  were  not  awarded  this  year,  as  no 
papers  of  prize  caliber  were  submitted,  apparently  because  of  limita¬ 
tions  placed  on  publishing  many  researches  by  wartime  restrictions 
which  were  not  lifted  in  time  to  permit  entries  for  the  prizes  to  be  made. 
With  Mr.  Morrison’s  consent,  therefore,  the  prizes  will  be  re-offered 
for  the  year  1947,  under  the  terms  governing  the  competition  of  the 
past  year. 

These  prizes  have  now  been  offered  for  the  past  24  years,  so  that 
the  coming  season  will  round  out  a  quarter-century  of  the  continuous 
existence  of  the  A.  Cressy  Morrison  Prize  Competition.  During  this 
time,  prizes  have  been  awarded  to  45  papers,  all  of  outstanding  im¬ 
portance,  and  some  of  which  have  exerted  decided  influence  on  the 
progress  of  scientific  investigation. 

Formal  announcement  of  the  competition  for  1947  will  be  made 
in  the  February  issue  of  the  Transactions,  and  special  circulars  will 
also  be  sent  out. 


The  following  members  were  elected  to  Fellowship: 


Hubert  S.  Anderson,  Ph.D. 
Thomas  F.  Anderson,  PhD. 
Howard  B.  Andervont,  ScD. 

S.  Howard  Armstrong,  Jr.,  MD. 
L.  Earle  Amow,  PhD.,  M.D. 
Ross  A.  Baker,  PhD. 

C.  Olin  Ball,  PhD. 

Richard  H.  Barnes,  PhD. 
Robert  P.  Barnes,  Ph.D. 

Lester  George  Barth,  PhD. 
Helen  Purdy  Beale,  PhD. 

Paul  H.  Bell,  Ph.D. 

Richard  J.  Bing,  MD. 
Alexander  Blain,  III,  MD. 
Steuart  Henderson  Britt,  PhD. 


Albert  D.  Brokaw,  PhD. 

James  M.  Carlisle,  MD. 

George  H.  Chapman 
Aurin  M.  Chase,  PhD. 

Nine  Choucroun,  DSc. 

Earl  W.  Coimt,  Ph.D. 

Herald  R.  Cox,  ScD. 

Paul  Mead  Doty,  Jr.,  PhD. 

Flanders  Dunbar,  PhD.,  ScD.,  MD. 
Saul  Dushman,  PhD.,  DBc. 

R.  Adams  Dutcher,  DBc. 

Maurice  Ewing,  PhD. 

Edmond  J.  Farris,  PhD. 

Harry  Friedenwald,  MD.,  DDX.,  DBc. 
Eusebio  Y.  Garcia,  MD. 
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A.  M.  Gaudin,  E.M.,  ScJ). 

Albert  S.  Gordon,  PhD. 

Mjyrron  Gordon,  PhD. 

Edward  Bellamy  Gresser,  MD. 
Albert  Hartzell,  PhD. 

Bernhard  Haurwitz,  PhD. 

Leslie  Hellerman,  PhD. 

Franklin  Hollander,  PhD. 

Rollin  D.  Hotchkiss,  PhD. 

Herman  M.  Kalckar,  M.D.,  PhD. 
Oliver  Kamm,  Ph.D. 

Charles  Glen  King.  PhD. 

Jackson  S.  Kiser,  PhD. 

M.  J.  Kopac,  PhD. 

Serge  A.  Korff,  PhD. 

Morris  Krugman,  Ph.D. 

Rudolf  Ladenburg,  PhD. 

Shailer  U.  Lawton,  MD. 

Edward  M.  Lehnerts,  M.A. 

Harry  Gustave  Lindwall,  Ph.D. 
Fritz  Lipman,  M.D.,  PhD. 

Louis  Long,  PhD. 

Herbert  Eugene  Longenecker,  Ph.D. 
Oliver  H.  Lowry,  PhD.,  MD. 

Colin  M.  MacLeod,  MD.,  C.M. 
Henry  S.  McQueen,  M.  A. 

Randolph  T.  Major,  PhD. 

Stanford  Moore,  PhD. 


Erwin  E.  Nelson,  PhD.,  MD. 

Elmore  H.  Northey,  PhD. 

Severo  Ochoa,  MD. 

John  Lawrence  Oncley,  Ph.D. 
Frederick  L.  Patry,  MD. 

Samuel  M.  Peck,  MD. 

Grace  E.  Pickford,  PhD. 

Louis  Pillemer,  PhD. 

Richard  0.  Roblin,  Jr.,  PhD. 

S.  Stansfeld  Sargent,  PhD. 

George  Scatchard,  PhD. 

Florence  B.  Seibert,  PhD.,  LLD.,  ScD. 
Morton  A.  Seidenfeld,  PhD. 

Frank  K.  Shuttleworth,  PhD. 

Dorr  Covell  Skeels,  PhD. 

Marian  W.  Smith,  PhD. 

C.  V.  Smythe,  PhD. 

Robert  B.  Sosman,  PhD.,  ScD. 

Eugene  Stebinger,  BB. 

Kurt  Guenter  Stem,  PhD. 

Leonell  C.  Strong,  PhD.,  ScD. 

Bernard  0.  A.  Thomas,  DDB. 

Alfred  Walker,  DDE. 

Everett  S.  Wallis,  PhD. 

Charles  0.  Warren,  MD.,  PhD. 

Robert  W.  Wilson,  PhD. 

Ella  Woodyard,  PhD.,  DPd. 

D.  Wayne  Woolley,  PhD. 

Richard  P.  Youtz,  PhD. 


The  following  officers  were  elected  for  the  year  1947: 

For  President 

Harden  F.  Taylor  * 

For  Vice-Presidents 

Robert  B.  Sosman  Ross  F.  Nigrelli 

S.  Stansfeld  Sargent  Walter  Dyk 

Bernhard  Haurwitz 

For  Recording  Secretary 

George  B.  Pegram 

For  Corresponding  Secretary 
Athelstan  F.  Spilhaus 

For  Treasurer 

Marvin  D.  Thorn 


For  Librarian 

Victor  K.  La  Mer 


For  Editor 
Roy  Waldo  Miner 
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For  Councilors  {1947-1949) 

William  Brown  Bell 

Harry  A.  Charipper  Caryl  P.  Haskins 

,  For  Finance  Committee 
Addison  Webb,  Chairman 

William  Otis  Sweet  Charles  N.  Frey 

After  the  Business  Meeting,  the  following  papers  were  read  on 
the  subject  of: 

“PROBLEMS  OF  EARTH  DEFORMATION  ILLUSTRATED  BY 
THE  CARIBBEAN  BASIN”* 

PAST  GEOLOGIC  DEVELOPMENT  AND  PRESENT  STRUCTURE  OF 
THE  CARIBBEAN  ISLANDS  AND  BORDERLANDS 

By  Walter  H.  Bucher 
Columbia  Umversity,  New  York,  N.  Y. 

OCEANOGRAPHY  AND  PALEOGEOGRAPHY 
By  a.  E.  Parr 

The  American  Museum  of  Natural  History,  New  York,  N.  Y. 

GEOPHYSICAL  DATA  CONCERNING  THE  CARIBBEAN  SEA  BASIN 
By  Maurice  Ewino 

Columbia  University,  New  York,  N.  Y.,  and  Woods  Hole  Oceanographic  Institute, 
Woods  Hole,  Massachusetts 


*  The  papers  presented  at  the  meeting  are  published  on  the  following  pages 
of  this  number  of  TRANSACTIONS. 
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PROBLEMS  OF  EARTH  DEFORMATION  ILLUSTRATED  BY.' 

THE  CARIBBEAN  SEA  BASIN 

By  Walter  H,  Bucher 

Department  of  Geology,  Columbia  University,  New  York,  N.  Y. 

Introduction 

Deeply  depressed  basins  and  high  mountain  ranges  constitute  the 
most  telling  features  of  the  face  of  the  earth.  But  exactly  what  they 
tell  concerning  the  manner  in  which  they  have  come  into  being,  is  still 
uncertain.  Geologists  and  geophysicists  have  devised  many  hypothe¬ 
ses  concerning  the  mechanics  involved  in  their  formation.  Yet,  after 
a  century  and  a  half,  doubts  remain  concerning  fundamental  assump¬ 
tions  in  each  of  them. 

Has  the  volume  of  the  earth’s  body  remained  essentially  constant 
through  the  course  of  geological  history,  or  is  it  shrinking,  or  possibly 
even  expanding?  Are  the  two  dominant  levels  of  the  earth’s  surface, 
that  of  the  continental  platforms  and  that  of  the  deep  sea,  inherent  in 
the  constitution  of  the  crust  and  therefore  irreversible,  or  can  portions 
of  continents  become  parts  of  the  ocean  floor?  Is  there  sufficient  dif¬ 
ference  in  the  strength  (“viscosity”)  of  the  solid  matter  of  the  high 
areas  and  that  underlying  the  ocean  floors  to  permit  the  former  to 
move  differentially  (“drift”)  through  the  latter,  or  are  the  differences 
of  such  a  low  order  of  magnitude  as  to  preclude  “continental  drift”? 

Is  the  sub-crustal  body  of  the  earth  dynamically  stable,  or  is  at  least 
its  outer  portion  subject  to  thermal  convection  currents? 

Each  of  these  questions  expresses  a  possible  condition.  There  are 
many  more,  and  it  is  essential  that  all  be  formulated  and  taken  into 
consideration,  although  they  express  nothing  more  than  possibilities. 
The  decision  as  to  which  have  actually  controlled  and  are  now  con¬ 
trolling  the  dynamic  behavior  of  the  earth’s  crust  can  come  only  from 
a  close  analysis  of  the  concrete  geological  realities  observed  on  the 
face  of  the  earth,  seen  in  the  perspective  of  geological  time. 

We  have  chosen  the  Caribbean  Sea  Basin  to  illustrate  the  nature 
of  the  questions  and  some  of  the  observations  and  lines  of  reasoning 
on  which  valid  answers  depend. 

The  generalized  map^  on  the  front  page  of  the  Academy’s  Annual 
Meeting  Program  (reproduced  here  as  figure  1)  may  serve  as  a  start¬ 
ing  point.  The  land  areas,  shown  in  black,  together  with  high  sub- 
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marine  ridges  indicated  by  contours,  form  a  complete  frame  around 
the  deep  sea  basins  that  lie  between  the  Americas.  The  map  picture 
might  well  suggest  a  once  continuous  land  surface  that  extended  in 
full  width  from  North  America  across  the  Antillean  region  into  South 
America.  From  this  surface,  three  basins,  the  Gulf  of  Mexico,  the 
Caiman  Sea*  and  the  Caribbean  Sea  would  have  been  removed,  like 
odd-shaped  biscuits  cut  from  a  layer  of  dough.  In  this  case,  the  areas 


of  the  basins  would  have  to  have  been  dropped  to  deep  sea  level.  In 
a  solid  globe,  however,  where  would  the  space  come  from  into  which 
such  large  fragments  of  the  earth’s  crust  could  be  “dropped”?  Since 
there  is  an  excess  of  gravity  over  the  basin  floors,  the  earth’s  crust  be¬ 
low  them  must  now  be  heavier  than  the  land  masses.  If  they  had 
been  once  land,  they  must  have  been,  at  that  time,  light  enough  to 
stand  high  on  the  earth’s  surface  which  we  assume  to  be  controlled  by 
isostatic  equilibrium.  How  can  a  part  of  the  earth’s  crust  undergo 
such  changes  in  overall  density? 

The  opposite  might,  of  course,  be  true.  The  basin  floors  might  be 
remnants  of  an  original  deep-sea  level  that  formed  a  broad  connec¬ 
tion  between  the  floors  of  the  Pacific  and  Atlantic  oceans.  In  that 
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case,  the  roughly  elliptical  frame  work  of  the  Caribbean  Basin  must 
have  been  lifted  above  the  original  level.  Now  we  face  the  same  ques¬ 
tion  as  before  in  reverse.  In  a  solid  globe,  what  would  occupy  the 
space  created  by  the  lifting  of  the  land  belts?  To  stand  up  on  an  iso- 
statically  controlled  earth  surface,  it  would  now  be  necessary  for  them 
to  have  become  lighter  than  they  were  before.  Is  this  possible? 

Both  kinds  of  deformation  may,  of  course,  have  had  a  part  in 
the  shaping  of  the  present  configuration  of  the  Caribbean  region. 
There  is  still  a  third  alternative:  All  ocean  floors  might  always  have 
been  low  and  all  land  areas,  even  the  small  islands,  always  high.  In 
that  case,  if  there  had  been  any  changes  at  all,  they  could  only  have 
consisted  of  a  horizontal  shifting  of  relative  positions.  In  its  -extreme 
application,  this  leads  to  the  idea  of  “continental  drift,”  in  which  the 
islands  are  Considered  as  detached  fragments  left  behind  in  the  matrix 
of  the  ocean  floors  by  the  drifting  continents. 

The  Nature  op  Crustal  Deformation  in  the  Caribbean  Region 

The  rocks  that  make  up  practically  all  the  visible  portion  of  the 
islands  and  borderlands  of  the  Caribbean  Sea  Basin  came  into  existence 
during  the  Mesozoic  era  of  geologic  time.  The  fundamental  problem 
of  crustal  deformation -in  this  region  is,  then,  this: 

Was  the  Caribbean  region  deep  sea  floor,  at  the  beginning  of 
Mesozoic  time,  continuous  with  and  essentially  like  that  of  the  At¬ 
lantic  and  Pacific  deep  sea  regions?  If  so,  are  the  islands  remnants 
of  “continental”  nature,  that  have  always  been  “high,”  “fragments  of 
continents”  that  “float”  in  the  heavier  rock  body  of  the  deep  sea,  as 
the  hypothesis  of  continental  drift  demands?  Or  are  they  great  wrin¬ 
kles  that  have  carried  the  original  deep  sea  floor  with  its  overlying 
sediments  above  sea  level?  Or  was  the  region  of  the  Caribbean  ele¬ 
vated  at  the  beginning  of  the  Mesozoic,  continuous  with  and  essen¬ 
tially  like  the  surface  of  the  continents  of  North  and  South  America? 

Here,  as  in  most  other  critical  regions  on  the  face  of  the  earth,  the 
available  evidence  is  disappointingly  meager,  as  a  large  part  lies  hid¬ 
den  beneath  younger  sediments  or  the  waters  of  the  sea,  or  has  been 
removed  forever  from  observation  by  erosion  or  by  metamorphism. 
Yet,  scanty  as  it  is,  the  evidence  points  consistently  in  the  same  direc¬ 
tions,  viz.,  that  the  region  of  our  present-day  Caribbean  Sea  Basin, 
at  the  beginning  of  the  Mesozoic  era,  stood  high  and  was  essentially  of 
the  same  nature  as  the  continental  areas  to  the  north  and  south. 
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Absence  of  Marine  Sediments  of  Triassic  and  Lower  and  Middle 
Jurassic  Age 

The  first  important  fact  is  that  no  marine  Triassic  or  Lower  and 
Middle  Jurassic  sediments  have  been  found,  so  far,  in  the  whole  Carib¬ 
bean  region.  In  South  America,  they  form  an  important  element  of 
the  rock  sequence  imthe  Andes  from  southern  Chile  to  northern  Peru. 
Upper  Triassic  fossils  have  been  found  in  the  Upper  Magdalena  Valley 
in  Colombia,*  and  Upper  Triassic  and  Lower  Jurassic  fossils  have  been 
reported  from  central  Ecuador^  and  from  Colombia,  near  Puerto  Ber- 
rio,  in  the  Magdalena  Valley.®  However,  these  occurrences  seem  to 
represent  incomplete  sedimentary  sequences  deposited  in  shallow  water, 
such  as  form  during  intermittent  incursions  of  the  sea  into  continental 
areas,  instead  of  being  increasingly  complete  and  deeper  water  de¬ 
posits  such  as  should  be  expected  if,  in  going  north,  we  were  approach- 
.  ing  an  oceanic  basin. 

A  similar  relation  is  observed  in  North  America.  Here,  the  ma¬ 
rine  sediments  of  Upper  Triassic  and  Lower  and  Middle  Jurassic  age 
likewise  lie  in  a  belt  that  runs  along  the  west  side  of  the  continent, 
from  California  into  Mexico,  where  they  reach  as  far  as  Puerto  Mexico, 
'  in  Vera  Cruz,  and  Western  Oaxaca.®  In  Eastern  Oaxaca  and  Western 
Chiapas,  these  sediments  pass  into  land-laid  deposits. 

Terrestrial  Sediments  of  Triassic  and  Lower  and  Middle  Jurassic  Age 

The  negative  evidence  of  the  absence  of  marine  deposits  is  sup¬ 
ported  by  the  positive  one  that,  wherever  rocks  of  early  Mesozoic  age 
come  to  light  along  the  circumference  of  the  Caribbean  region,  they  are 
terrestrial  sediments,  mud  and  sands  laid  down  by  streams  on  alluvial 
plains.  In  the  most  southeasterly  part  of  Mexico,  in  Eastern  Oaxaca 
and  Chiapas,  thick  brick-red  and  yellow  land-laid  conglomerates, 
sandstones,  and  clays  lie  on  the  eroded  surface  of  strongly  deformed 
Paleozoic  rocks  (the  Todos  Santos  formation).  They  extend  into 
Guatemala,  Honduras  (the  Tegucigalpa  formation),  and  El  Salvador 
(the  Metapdn  formation).''  Here,  as  in  the  Eastern  Oaxaca,  they 
contain  fossil  plants  characteristic  of  the  earlier  Mesozoic,  especially 
cycads. 

Younger  rocks  conceal  the  stratigraphic  record  in  the  isthmian  re- 
j  gion  between  eastern  Nicaragua  and  northeastern  Colombia.  There, 
k  great  thicknesses  of  red  beds,  the  Giron  group  of  Hettner,  are  widely 
,  distributed  from  the  Sierra  de  Santa  Marta  east  and  south.  The  cor- 
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responding  La  Quinta  red  beds  of  Venezuela  constitute  a  conspicuous 
element  in  the  structure  of  the  Venezuelan  Andes  and  extend  north¬ 
ward  into  the  Goajira  peninsula.  They  have  been  reached  by  the  drill 
on  Paraguana.®  Dr.  H.  H.  Hess  observed  red  hematitic,  phyllitic 
schists  beneath  similarly  metamorphosed  Lower  Cretaceous  beds  on 
the  island  of  Margarita.  Their  position,  as  well  as  their  lithologic 
character,  makes  it  probable  that  they  represent  metamorphosed  red 
beds  of  La  Quinta  type.® 

Thus,  wherever  in  the  Caribbean  region  rocks  older  than  Creta¬ 
ceous  and  younger  than  Paleozoic  have  been  recognized,  they  are  ter¬ 
restrial  deposits,  with  scanty  fossils  pointing  to  an  age  that  may  range 
from  Permian  to  Lower  Cretaceous.  There  are  never  any  marine  beds, 
not  to  mention  deep  sea  deposits. 

No  reference  was  made  so  far  to  the  Caribbean  islands  them¬ 
selves,  where  alone  we  can  hope  to  find  positive  evidence  concerning 
the  nature  of  earlier  environment.  The  reason  is  that  no  indisputable 
record  of  any  sediments  older  than  Upper  Jurassic  has  yet  been  found 
on  them.  Ammonite  faunas  of  that  age  have  been  known,  until  lately, 
only  from  the  province  of  Pinar  del  Rio  in  western  Cuba,  that  is,  near¬ 
est  the  Gulf  of  Mexico  where  we  have  good  reason  to  believe  that  an 
embayment  of  the  sea  existed  through  much  of  the  Jurassic  time. 
The  nature  of  the  ammonite-bearing  Jurassic  sediments  is  of  interest. 
They  are  largely  gray  to  black  limestones  and  black,  bituminous  shales 
with  large  concretions.  We  shall  see  presently  what  this  implies. 

Lately,  Upper  Jurassic  faunas  have  been  found  also  in  the  Coast 
Range  of  northern  Trinidad*®  and  north-central  Venezuela.**  Wher¬ 
ever  observed,  throughout  Central  America,  the  West  Indies,  and  ad¬ 
joining  parts  of  North  and  South  America,  the  Upper  Jurassic  beds 
are  so  closely  connected  with  the  overlying  sediments  of  the  Lower 
Cretaceous  that  they  must  be  counted  as  the  basal  part  of  the  great 
blanket  of  marine  Cretaceous  rocks  which  the  transgressing  sea  spread 
over  most  of  the  Caribbean  region.  The  record  of  these  Late  Mesozoic 
marine  waters  would  lie  completely  hidden  from  our  eyes  if  the  sedi¬ 
ments  of  which  it  consists  had  not  been  thrown  into  sharp  folds  which 
carried  them  high  enough  above  their  original  position  to  expose  large 
areas  as  islands  and  coast  ranges  and  to  allow  erosion  to  cut  across  the 
folds.  Thus,  we  now  can  see  beds  that  formerly  lay  covered  by  one 
to  several  miles  of  sediments. 

The  nature  and  thickness  of  these  sediments  is  of  importance  in 
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connection  with  the  question  of  whether  the  sediments  accumulated  on 
the  floor  of  a  wide,  uniform,  deep  ocean  that  never  before  had  been 
land  or  shallow  water,  or  were  laid  down  in  relatively  shallow  water 
on  ground  that  was  gradually  sinking  to  oceanic  depths. 

Bituminous  Sediments,  Evidence  of  Essentially  Closed  Basins 
of  Limited  Extent 

The  lower  part  of  the  sediments  of  Cretaceous  age  in  northern 
Venezuela  and  eastern  Colombia  is  characteristic  of  a  progressively 
deepening  basin.  It  begins  with  sandstones  bearing  unmistakable 
signs  of  deposition  in  shallow  water,  such  as  cross-bedded  layers  over- 
lain  by  reef  limestones  containing  thick-shelled  sessile  pelecypods  and 
corals.  Above  them  follow  several  thousand  feet  of  dark  shales  which, 
in  their  lower  part  especially,  carry  characteristic  black  limestone  con¬ 
cretions.  Both  the  shales  and  the  concretions  are  rich  in  pelagic 
foraminifers,  such  as  Globigerina,^^  and  poor  in,  or  devoid  of,  the  re¬ 
mains  of  benthonic  organisms.  Associated  with  them  are  beds  of 
dark-colored  chert  in  which  radiolarians  appear  in  addition  to  the 
pelagic  foraminifers.  They  were  clearly  laid  down  in  deep  water — 
how  deep,  we  do  not  know. 

These  sediments  are  rich  in  bituminous  matter  and  thought  to 
be  the  chief  source  of  petroleum  in  northwestern  Venezuela.  This 
implies  that  they  were  formed  on  a  sea  floor  that,  for  long  periods, 
maintained  anaerobic  conditions,  i.e.,  remained  untouched  by  oxygen¬ 
bearing  horizontal  or  vertical  movements  in  the  sea  water.  Such  sedi¬ 
ments  cannot  come  into  existence  on  the  floor  of  a  deep  sea  that  is  in 
broad,  open  connection  with  the  adjoining  Atlantic  and  Pacific  Oceans, 
where  the  horizontally  moving  bottom  water  is  rich  in  oxygen.  But 
they  are  equally  impossible  on  the  floor  of  a  more  or  less  closed  basin 
of  sufficient  extent  to  give  adequate  fetch  to  the  wind.  The  barriers 
that  confine  the  basin  inevitably  set  up  vertical  circulation  which  car¬ 
ries  oxygen  to  the  depths  and  prevents  widespread  anaerobic  condi¬ 
tions  from  prevailing  over  periods  of  time  measured  in  hundreds  of 
thousands  if  not  millions  of  years.  The  dynamics  that  lie  back  of  this 
important  argument  will  be  discussed  by  Dr.  Parr,  in  the  following 
paper. 

It  seems  that,  even  if  we  had  no  other  information  concerning  the 
bituminous  sediments  of  Lower  Cretaceous  age  in  northern  Venezuela 
and  adjoining  parts  of  Colombia,  we  would  be  justified  in  concluding 
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that  they  must  have  been  laid  down  in  a  sinking  basin  (or  basins)  of 
an  extent  much  smaller  than  the  present  Caribbean  and  more  or  less 
enclosed  by  barriers.  However,  to  the  north  of  these  sediments  the 
deep  sea  lies  today. 

Excessive  Thickness  of  Clastic  Sediments  Confined  to  Local  Basin 

Another  line  of  reasoning  leads  to  a  similar  conclusion  for  the 
Greater  Antilles.  Cuba  may  serve  as  an  example.  In  western  Cuba, 
in  the  province  of  Pinar  del  Rio,  the  stratigraphic  sequence  begins  with 
dark  bituminous  shales  with  black  concretions,  of  Upper  Jurassic  age, 
which  tell  the  same  story  as  those  of  later  age  in  Venezuela.  Above 
them  follows  an  enormous  thickness  of  heterogeneous  sediments,  domi¬ 
nantly  shales,  the  Cayetano  shale.  R.  H.  Palmer  has  estimated  their 
thickness  at  34,000  ft.,  i.e.,  5,700  fathoms.  In  such  intensely  crinkled 
and  folded  shales,  estimates  of  thickness  may  be  far  from  correct. 
Dr.  Palmer  himself  has  suggested  to  the  writer  that  the  true  thickness 
may  be  one-half  of  this  figure,  or  less.  But  even  if  the  estimate  were 
three  times  too  large,  this  column  of  sediments  itself  would  approxi¬ 
mately  equal  the  depth  of  the  surrounding  deep  sea.  Now  it  is  simply 
impossible  for  any  such  thickness  of  mud  and  fine  sand  to  have  been 
spread  over  the  whole  floor  of  the  Caribbean  Sea.  No  such  quanti¬ 
ties  of  rock  can  have  been  removed  from  the  surrounding  lands.  Such 
thicknesses  accumulate  in  relatively  narrow,  local  basins  between  land 
areas.  Although  today  there  is  only  deep  sea  around  them,  there 
must  have  been  land  when  these  sediments  were  laid  down. 

Thick  Sediments  Deposited  on  Sinking  Sea  Floor  Throughout  the 
Caribbean  Region 

Where  the  evidence  does  not  point  to  deposition  of  the  Lower  and 
Middle  Cretaceous  rocks  in  a  local,  relatively  small  basin  between 
lands,  it  always  requires  deposition  on  a  sinking  floor.  In  the  central 
and  eastern  provinces  of  Cuba,  for  instance,  thick  series  of  volcanic 
products  characterize  the  lower  part  of  the  Cretaceous  rock  sequence. 
Here,  one  might  expect  to  find  evidence  that  the  tuffs  and  lavas  were 
piled  up  to  great  thickness  oh  the  deep  sea  floor,  building  it  up  towards 
the  surface  of  the  sea.  The  exact  opposite,  however,  is  true  as,  here 
and  there,  throughout  this  rock  sequence,  reef  limestones  lie  interca¬ 
lated  between  the  products  of  volcanism.  The  very  thick  and  heavy 
shells  of  rudists  which  lie  in  these  limestones  leave  no  doubt  about 
the  shallowness  of  the  sea  floor  on  which  they  grew.  Yet,  thousands 
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of  feet  of  limestones  were  deposited  on  top  of  them,  all  of  them  in 
relatively  shallow  water.  * 

Occasionally,  in  the  midst  of  strata  that  look  as  if  they  might  have 
been  deposited  in  rather  deep  water,  the  geologist  meets  unexpected 
evidence  of  very  shallow  water  conditions.  In  central  Cuba,  for  in¬ 
stance,  the  Lower  Cretaceous  contains  a  thick  series  of  limestones 
and  calcareous  shales  which  are  unfossiliferous  on  the  whole,  but  con¬ 
tain  spherical  radiolarians  in  some  layers,  and  also  scattered  opercula 
of  ammonites  (so-called  aptychi)  though  only  rarely  the  shells  them¬ 
selves.  The  aptychi  were  scattered  oYer  the  sea  floor  after  the  death 
of  the  ammonite  animals,  while  their  chambered  shells  drifted  long 
distances  across  the  sea  like  balloons,  as  the  shells  of  the  chambered 
nautilus  do  today.  The  latter  lives  in  the- shallow  waters  around  the 
Dutch  East  Indies,  while  its  empty  shells  drift  ashore  on  the  east 
coast  of  Ceylon  some  750  miles  away.  Thus,  aptychi  found  in  sedi¬ 
ments  without  the  shells  to  which  they  belong,  bring  to  mind  “deep 
sea,’^  as  do  radiolarians,  though  neither  actually  requires  any  great 
depth  for  its  presence  in  a  sediment.  In  the  midst  of  this  sequence,  in 
Central  Camaguey,  there  occur  thick  layers  of  gypsum.  Gypsum 
forms  as  a  sediment  only  in  shallow  land-locked  bays,  in  a  dry 
climate  which  evaporates  the  sea  water  rapidly,  precipitating  the  salts 
held  in  solution. 

Above  the  Aptychus  limestone  with  its  chert  layers  and  gypsum 
beds  follow  products  of  volcanic  action,  such  as  tuffs,  breccias,  and 
lava  flows.  Between  them  lie  reef  limestones7  with  thick-shelled  ses¬ 
sile  pelecypods  of  the  rudist  type.  In  the  southern  part  of  the  prov¬ 
ince  of  Santa  Clara,  A.  A.  Thiadens  has  estimated  the  thickness  of 
this  “tuff  series”  as  8,000  meters.^*  This  type  of  sedimentation  con¬ 
tinues  in  the  Habana  series,  piling  an  astonishing  thickness  of  sedi¬ 
ments  on  top  of  those  already  described  (tuffs,  conglomerates,  lavas) 
and,  with  them,  reef  limestones  with  a  rich  shallow  water  mollusc 
fauna  including  rudists.  Some  of  these  limestones  reach  a  thick¬ 
ness  far  in  excess  of  10,000  feet,  as,  e.g.,  the  Jaronu  limestone  which 
forms  a  triangular  area  in  the  provinces  of  Santa  Clara  Camaguey 
and  Oriente  of  Cuba,  some  200  kilometers  long  and  50  kilometers 
wide.^® 

The  story  is  the  same  on  Hispaniola,  Puerto  Rico,  and  Jamaica, 
as  well  as  on  Aruba,  Curasao,  and  Bonaire.  Nowhere  do  the  sedi¬ 
ments  indicate  deposition  on  an  original  deep-sea  floor,  piling  up  until 
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the  water  shallows  more  and  more.  The  picture  is  always  that  of  sedi¬ 
ments  accumulating  in  mofe  or  less  local  basins,  largely  in  shallow 
water,  with  the  floors  of  the  basins  eventually  sinking  far  below  the 
present  floor  of  the  deep  sea.  This  can  only  mean  that  most  of  what 
is  today  deep  ocean  must  have  stood  high  enough,  as  land  or  shallow 
water,  to  permit  shallow  water  sediments  to  accumulate  to  such  enor¬ 
mous  thicknesses  in  more  or  less  localized  basins. 

Folded  Structure  of  Islands  Surrounded  by  Deep  Sea 

The  intensely  folded  character  of  the  formations  really  carries 
the  same  implication.  The  presence  of  deep  sea  to  the  north  and  south 
of  the  islands  of  the  Greater  Antilles  shows  that  the  folded  belt  must 
have  been  squeezed  above  the  level  of  the  surrounding  rock  floor  as  in 
a  vise.  That  level  can,  therefore,  not  have  been  materially  lower  than 
the  highest  beds  involved  in  the  first  great  folding.  As  these  were  all 
demonstrably  formed  in  shallow  water,  the  surrounding  region  must 
also  have  stood  high  at  the  time. 

Conclusion 

Everything  adds  up  to  the  same  conclusion:  The  present-day  sea 
basins  are  young,  formed  from  what  up  to  early  Tertiary  time  must 
have  stood  at  levels  characteristic  of  the  continental  areas  of  the 
earth’s  surface. 

This  conclusion  has  an  important  bearing  on  eminently  practical 
matters.  The  wealth  in  oil  of  the  American  and  Mediterranean  regions 
is  due  to  the  fact  that  the  sediments  from  which  the  oil  is  derived  were 
deposited  in  closed,  largely  land-locked,  rapidly  sinking  basins,  such 
as  the  Black  Sea  is  today.  Unless  similar  conditions  existed  on  a  sufii- 
ciently  large  scale,  in  Mesozoic  and  Cenozoic  time,  east  of  the  present 
Atlantic  coast,  the  hope  that  large  commercial  quantities  of  petroleum 
may  lie  concealed  beneath  the  Atlantic  continental  shelf  is  slim.  If 
we  could  be  sure  that  we  have  learned  to  diagnose  the  presence  of 
former  closed  basins  from  the  nature  of  the  sediments,  we  would  not 
need  to  spend  huge  sums  of  money  in  the  costly  exploration  of  the  At¬ 
lantic  shelf.  A  few  wisely  placed  deep  drill  holes  would  give  all  the 
necessary  information.  We  need  more  intensive  and  comprehensive 
studies  of  modern  marine  sediments  and  their  faunas  in  closed  basins, 
besides  competent  critical  comparisons  with  analogous  sediments  in 
the  open  sea,  and  the  translation  of  the  results  into  the  terms  of  fossil 
sediments. 
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The  conclusion  presented  above  is  contrary  to  the  published  views 
of  such  men  as  Bailey  Willis  and  Charles  Schuchert.  The  former  as¬ 
signs  “oceanic  character”  to  the  whole  region  between  North  and  South 
America,^®  while  the  latter  ascribes  “oceanic  character”  at  least  to  the 
Gulf  of  Mexico  and  the  Caribbean  Sea,  an  assumption  that  influenced 
the  drawing  of  his  paleogeographic  maps  and  the  thinking  of  most 
geologists  that  have  used  them.”  L.  Rutten,  on  the  other  hand,  has 
emphatically  objected  to  the  application  of  the  word  “oceanic”  to  the 
region,  on  the  strength  of  the  evidence  of  the  clastic  sediments  and 
the  products  of  volcanism.  The  former  generally  require  nearness  of 
land,  while  the  latter,  chiefly  of  andesitic  and  quartzdioritic  composition, 
are  the  very  antithesis  of  the  basalts  that  are  the  hallmark  of  oceanic 
regions.  As  he  puts  it  “we  are  no  more  permitted  to  call  these  regions 
oceanic  than,  for  instance,  the  cordillera  of  South  America  .  . 

The  Time  Sequence  and  Some  Aspects  of  the  Mechanics 
OF  Deformation 

Turning  from  the  broader,  essentially  stratigraphic  considerations 
to  the  structure  of  the  islands  and  borderlands  of  the  Caribbean,  we 
find  clues  that  bear  on  the  mechanics  of  the  deformation  that  shaped 
this  region. 

The  Earliest  Diastrophic  Epoch,  Chiefly  Responsible  for  the 
Framework  of  the  Caribbean 

The  first  important  fact  is  that  the  earliest  epoch  of  deformation 
(of  post-Paleozoic  time)  produced  the  closest  folding,  most  of  the  in¬ 
trusive  rock  bodies,  and  by  far  most  of  the  metamorphism  present  in 
the  region.  After  prolonged  subsidence  and  sedimentation,  it  created 
the  structural  framework  of  the  Caribbean  Sea  Basin.  Angular  un¬ 
conformities,  overlain,  in  many  localities,  by  coarse  conglomerates  as¬ 
sociated  with  dark  shales  and  reef  limestones  carrying  Senonian  and 
Maestrichtian  fossils,  determine  the  age  of  this  deformation  as  pre- 
Senonian  or  intra-Senonian,  on  Cuba  and  Jamaica  in  the  north,  and 
on  Aruba  and  Curagao  in  the  south.  In  his  masterly  synthesis  of  the 
structural  history  of  the  Americas,  Hans  Stille,  following  especially  L. 
Rutten,  has  shown  that  the  deformation  of  the  other  islands  in  the 
Greater  Antilles  belongs  to  the  same  general  time-interval.^®  Inade¬ 
quate  evidence  suggests  that  the  same  applies  to  the  east  side  of  the 
Caribbean.  In  contrast  to  Stille,  and  to  current  thought  in  general. 
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the  writer,  during  his  recent  visit  to  Venezuela,  has  come  to  the  con¬ 
clusion  that  the  first  great  folding,  and  most  of  the  intrusions  and 
metamorphism  in  the  Coast  Range  and  the  Serrania  del  Interior  of 
Venezuela  (and  Trinidad)  belong  to  the  same  time-interval.  Here,  as 
in  other  regions,  the  evidence  is  found  in  coarse  conglomerates,  con¬ 
sisting  of  pebbles  of  all  the  metamorphic  and  unmetamorphosed  Cre¬ 
taceous  rocks  and  intrusives  of  the  Coast  Range,  associated  with  or 
scattered  in  black  shales  carrying  elements  of  a  late  Upper  Creta¬ 
ceous  fauna.*® 

For  the  west  side  of  the  Caribbean,  from  eastern  and  southern 
Nicaragua  to  Panama,  nothing  specific  is  known  concerning  the  age  of 
pre-Tertiary  “basement”  rocks.  Three  facts,  however,  taken  in  con¬ 
junction,  suggest  that  pre-Senonian  or  intra-Senonian  orogenic  move¬ 
ments  may  have  played  an  important  part  along  the  western  border  of 
the  Caribbean.  Vertebrate  paleontologists  seem  to  agree  that,  in 
“late  Cretaceous  time,”  North  American  mammals  spread  into  South 
America.  Schuchert  considers  the  evidence  as  strong  enough  to  force 
the  conclusion  that,  during  late  Cretaceous  time,  a  land  barrier,  an 
“isthmian  link,”  must  have  come  into  being  where  there  was  sea  be¬ 
fore.  This  would  have  been  in  the  Panama-Costa  Rica  region,  where 
crystalline  “basement”  rocks  come  to  the  surface  beneath  marine  Ter¬ 
tiary  rocks.*^  The  earliest  known  sediments,  above  the  “basement” 
rocks,  known  from  southern  Nicaragua  to  Panama,  are  of  Upper  Se- 
nonian  (Campanian)  age.**  If  the  evidence  is  as  Schuchert  thought 
it  was,  this  proves  important  orogenic  movements  essentially  contem¬ 
poraneous  with  those  along  the  sides  of  the  Caribbean.  Granodiorites, 
largely  unaffected  by  later  deformation,  are  prominent  in  the  “base¬ 
ment  rock.”  By  themselves,  they  prove  nothing.  However,  since 
granodiorites  are  conspicuous  among  the  intrusives  connected  with  the 
intra-Senonian  deformation  throughout  the  Caribbean,  they  may,  at 
least,  be  said  to  fit  into  the  interpretation. 

The  picture  that  emerges  from  these  observations  and  surmises  is 
rather  unexpected,  showing  orogenic  movements  to  have  taken  place 
roughly  simultaneously  (in  the  geologic  sense)  on  all  sides  of  what 
today  are  the  Caribbean  and  Cayman  Seas.  The  folding  seems  to  have 
produced  more  or  less  separate  bodies  of  relatively  higher  elevation, 
forming  chains  of  islands  much  like  those  of  today. 

Since  intense  folding  and  intrusions  of  granodioritic  or  granitic 
rocks  came  into  existence  more  or  less  simultaneously  on  all  sides  of 
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this  area,  there  can  be  no  question  of  unilaterally  directed  movements. 
Rather,  the  crust,  in  all  directions,  appears  to  have  been  under  com¬ 
pression,  such  as  exists  under  hydrostatic  conditions.  Above  all,  the 
structure  of  the  whole  region  is  contrary  to  the  basic  assumptions  of 
the  hypothesis  of  “continental  drift.”  The  topographically  high  re¬ 
gions  are  not  high  because  they  are  inherently  different  from  the 
ocean  floor  and  therefore  have  “always”  been  high.  Nor  can  any  of 
the  islands,  by  any  stretch  of  the  imagination,  be  thought  of  as  form- 
resistant  units  that  “plough”  through  the  rocks  of  a  yielding  ocean 
floor.  Such  ideas  appear  incongruous  when  applied  to  the  structural 
framework  of  the  Caribbean  region. 

Transverse  Welts  Subdivide  the  Area  Enclosed  by  the  First 
Structural  Framework 

If  this  structural  framework  of  the  Caribbean  region  was  really 
established  by  all-sided  compression  prevailing  throughout  the  earth’s 
crust,  its  shape  and  dimensions  are  of  interest,  especially  to  geophysi¬ 
cists  who  look  to  subcrustal  convection  currents  for  an  explanation  of 
basins.  The  writer  suspects  that  neither  the  shape  nor  the  dimen¬ 
sions,  nor  the  time  intervals  betweeq  successive  later  epochs  of  orogeny, 
fit  the  model  that  geophysicists  have  in  mind  when  they  speak  of  sub¬ 
crustal  convection  currents.  He  would  like  to  see  this  matter  analyzed 
systematically.  For  any  such  analysis,  one  aspect  of  the  Caribbean 
Sea  Basin  deserves  attention.  It  is  divided  into  secondary  basins  of  un¬ 
equal  size  by  two  submarine  swells,*®  the  Aves  Swell  which  runs  south¬ 
ward  from  Ives  Island  toward  Isla  Margarita,  and  the  Beata  Swell 
which,  beginning  as  a  sharply  defined  submarine  ridge,  runs  southwest- 
ward  from  Cape  Beata,  the  southernmost  point  of  Hispaniola,  broaden¬ 
ing  as  it  drops  to  lower  levels  southward.  The  process  which  caused  the 
space  within  the  folded  framework  to  sink  and  form  the  major  basin, 
must  be  capable  of  subdividing  it  into  secondary  basins,  leaving  swells 
to  form  incomplete  separating  thresholds.  Do  subcrustal  convection 
currents  fit  into  this  picture? 

Trends  of  Minor  Structural  Elements,  Indicative  of  Differential 
Horizontal  Movements 

Nothing  has  been  said,  so  far,  of  the  structure  of  the  folded  belt, 
nor  of  the  succession  of  orogenic  spasms  that  followed  the  first  great 
Late  Cretaceous  epoch  of  folding  and  metamorphism  which  extended 
the  structural  disturbance  into  the  younger  sediments  and  modified  the 
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structure  of  the  original  belts  by  strong  warping  and  faulting.  Most 
of  the  complicated  post-Cretaceous  tectonic  history  lies  beyond  the 
scope  of  this  paper.  One  general  aspect  of  the  structural  pattern  of 
the  region  must,  however,  be  given  to  complete  the  broad  picture  of 
the  region  as  it  appears  to  the  writer. 

From  Jamaica  and  the  Sierra  Maestra  of  Cuba  through  Hispan¬ 
iola  and  Puerto  Rico,  straight  east-west  trending  coast  lines  form  a 
conspicuous  element  in  the  shapes  of  the  islands.  All  along  these  coasts 
and  the  lands  behind  them,  the  axes  of  individual  folds  trend  obliquely 
across  the  belt  of  folding  and  the  shorelines.  A  study  of  the  tectonic 
maps  that  accompany  the  papers  of  L.  Rutten^®  and  H.  H.  Hess^* 
shows  convincingly  that  the  folds  are  aligned  en  echelon  fashion  within 
the  east-west  belts,  the  individual  folds  trending  east-southeast  or 
southeastward.  The  nature  of  this  pattern,  familiar  to  all  geolo¬ 
gists,  can  easily  be  demonstrated  by  placing  one  hand  on  a  piece  of 
tissue  paper  or  on  the  tablecloth,  placing  the  other  parallel  with  the 
first  and  a  little  distance  from  it,  and  then  moving  one  hand  a  short 
distance  parallel  with  the  other,  dragging  the  paper  or  cloth  along. 
In  the  narrow  zone  between  the  hands,  wrinkles  will  form  that  trend 
at  an  angle  to  the  strike  of  the  belt  as  a  whole.  Applied  to  the  struc¬ 
ture  of  the  Greater  Antilles,  from  southern  Cuba  and  Jamaica  east¬ 
ward,  this  would  niean  that  the  floor  of  the  Caribbean  Sea  Basin,  at 
the  time  when  the  Late  Cretaceous  and  Early  Tertiary  folds  came  into 
existence,  moved  differentially  eastward  with  reference  to  the  trend¬ 
ing  belt  of  folding  of  the  island  chain.  The  same  rotational  stress 
that  produces  such  en  echelon  folds  tends  to  produce,  within  the 
same  belt,  tensional  fractures  that  strike  roughly  at  right  angles  to 
the  fold  axes  and  cut  across  them.®*  This  northeast  trending  regional 
set  of  fractures  finds  expression  on  the  largest  scale  in  the  submarine 
topography,  as  in  the  Anedaga  Passage  east  of  the  Virgin  Islands  and 
again  west  of  St.  Croix;  in  the  Beata  ridge  and  its  northeastward  con¬ 
tinuation  along  the  south  coast  of  Santo  Domingo,  northeast  of  Cape 
Beata;  and  in  the  Navassa-Jamaica  Passage  (as  shown  on  Whitcroft’s 
map  sketch®®),  between  Jamaica  in  the  west  and  the  Albatross  and  Na- 
vassa  banks  on  the  east.  Let  us  call  it  the  “Beata  trend”  of  frac¬ 
ture  planes. 

Along  the  southern  border  of  the  Caribbean  Basin,  the  same  fea¬ 
tures  recur,  but  with  the  directions  symmetrically  reversed.  In  the 
West  Caribbean  Mountains,  from  Puerto  Cabello  in  the  west  to  the 
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Bay  of  Barcelona  in  the  east,  the  coast  line  runs  east-west,  as  do  the 
shores  of  Puerto  Rico  500  miles  to  the  north.  The  fold  axes  trend 
obliquely  to  the  shore  line,  as  they  do  there.  But  here  they  trend 
east-northeastward,  while  they  bear  east-southeastward  in  the  other 
region.  This  oblique  trend  of  the  fold  axes  shows  up  strikingly 
on  the  Peninsula  Araya,  seen  from  the  air.  At  right  angles  to  it  runs 
a  set  of  fractures  that  dominates  the  Caribbean  Mountain  system  of 
Venezuela.  It  trends  more  or  less  northwestward  as  the  mirror-image 
of  the  dominant  fracture  system  in  the  north.  It  finds  its  largest-scale 
expression  on  the  northeast  side  of  Lake  Maracaibo,  where  it  forms 
the  straight  Bolivar  coast.  This  is  the  famous  “Bolivar  trend”  of 
faults,  which  is  so  ubiquitous  in  the  Venezuelan  Caribbean  Mountain 
system.  It  recurs  again  and  again  along  the  northeast  coast  of  the 
State  of  Falcon  cutting  across  the  strong  folds.  It  defines  the  shape  of 
the  Dutch  South  Antillean  islands,  Aruba  and  Curagao,  in  which  the 
old  fold  axes  trend  more  or  less  east-northeastward.  The  same  direc¬ 
tion  also  stands  out  here  and  there  in  the  bathymetric  contours  of  the 
basin  floor,  as,  e.g.,  between  the  islands  of  Orchilla  and  Blanquilla. 

In  a  broad,  generalized  way,  the  north  and  south  sides  of  the  struc¬ 
tural  framework  of  the  Caribbean  are,  thus,  symmetrical  to  each  other. 
The  east-southeast  strike  of  the  fold  axes  and  the  Beata  trend  of  the 
cross-fractures  in  the  north  correspond  to  the  east-northeast  strike  of 
the  fold  axes  and  the  Bolivar  trend  of  the  cross- fractures  in  the  south. 
This  is  the  symmetry  that  would  appear  along  the  sides  of  a  valley 
glacier  moving  from  west  to  east,  with  marginal  folds  trending  down¬ 
stream  and  marginal  crevasses  pointing  upstream.  What  can  this 
symmetry  mean  in  the  case  of  the  Caribbean?  Before  venturing  an 
explanation,  we  must  take  into  account  one  other  fact. 

East  and  West  Sides  of  the  Caribbean  Basin  Comparable  Dynamically 

The  conclusion  that  the  central  part  of  the  Eastern  Caribbean 
basin  must  have  moved  (and  may  still  be  moving)  eastward  with  ref¬ 
erence  to  its  borders,  agrees  well  with  the  eastward  bulge  of  the  out¬ 
line  of  the  Caribbean  basin.  But  there  is  a  corresponding  bulge  in  its 
outline  on  the  west  side  as  well.  A  line  drawn  from  Cabo  Gracias  a 
Dios,  on  the  boundary  between  Nicaragua  and  Honduras,  to  the  Punta 
Manzanilla,  northeast  of  Colon,  which  forms  the  secant  to  the  west¬ 
ward  curve,  is  as  long  as  the  corresponding  line  in  the  east,  from  Santa 
Cruz  to  Grenada,  and  the  radii  of  curvature  of  the  two  bulges  are  of 
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the  same  order  of  magnitude.  However,  the  structure  patterns  of  the 
broad  crustal  upwarps  which  bear  on  their  crests  the  Lesser  Antilles 
in  the  east  and  the  land  bridge  of  Panama  and  Costa  Rica  in  the  west, 
differ  greatly.  In  the  west,  the  Tertiary  structure  lines  do  not  follow 
the  curvature  of  the  basin  outline  in  an  arc.  The  northwest  striking 
folds  of  Western  Nicaragua  meet  the  southwest  striking  folds  of  north¬ 
ern  Nicaragua  and  Honduras,  which  parallel  the  axis  of  the  Rosalind- 
Pedro- Jamaica  Swell,  at  a  sharp  angle,  like  the  sides  of  a  triangle. 
Much  of  the  structure  inside  the  triangle  lies  hidden  beneath  the  young 
volcanic  cover  and  the  inhospitable  jungle  of  the  Mosquito  Coast  low¬ 
lands.  Whatever  that  structure  may  be,  however,  it  cannot  detract 
from  the  fact  that  there  is  a  great  difference  between  the  east  and  west 
sides  of  the  Caribbean,  due,  probably,  to  the  influence  of  the  Paleozoic 
structural  trends  which  come  to  light  in  Guatemala  and  Honduras,  and 
of  the  circumpacific  orogenic  belt  which  dominates  the  western  border 
of  the  Americas. 

Thinking  in  terms  of  the  overall  deformation  of  the  whole  Carib¬ 
bean  region,  we  must  realize  that,  in  spite  of  the  different  structural 
pattern  here  on  the  west  side,  compression  and  folding  accompanied  by 
volcanism  characterize  the  structural  development  exactly  as  they  do 
on  the  east  side.  The  pattern  that  has  resulted  is  different,  because 
local  conditions  differ,  but  the  process  is  the  same.  There  is,  how¬ 
ever,  a  quantitative  difference  in  the  present-day  structural  picture 
which  stands  out  boldly  on  a  bathymetric  map  of  the  region.*®  Three 
great  submarine  ridges  form  the  eastern  border  of  the  basin,  viz.,  the 
Aves  Swell,  the  main  range  of  the  Lesser  Antilles,  and  the  Barbados 
Ridge.  The  latter  turns  northward  into  the  great  submarine  furrow 
of  the  Brow'nson  Trough.  Along  the  whole  belt,  from  the  eastern  cape 
of  Cuba  to  Barbados,  a  belt  of  abnormally  high  negative  gravity  anom¬ 
alies  follow's  the  seaward  slope  of  the  main  ridge,  pointing  to  light 
crustal  matter  being  held  down  forcibly  by  active  compression  in  the 
crust.*^  In  the  west,  by  comparison,  the  pattern  of  crustal  relief  is 
very  simple.  There  is  only  one  "ridge,”  which,  however,  stands 
higher,  forming  a  land  bridge.  The  adjoining  deep  sea  trench*®  is 
neither  as  deep  nor  as  wide  nor  as  long  as  the  Brownson  Trough.  Also, 
there  are  no  negative  gravity  anomalies. 

Obviously,  the  crust  is  yielding,  today,  largely  in  an  easterly  direc¬ 
tion  and  only  in  a  minor  way  toward  the  west.  The  en  echelon  fold 
pattern  is  evidence  that  this  contrast  has  existed  since  the  Late  Cre- 
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taceous  orogeny.  The  great  plate  of  the  Caribbean  Sea  Basin,  under 
compression  from  all  sides,  yielded  throughout  its  length,  elongating  in 
the  east-west  direction  while  shortening  at  right  angles,  i.e.,  from  north 
to  south.  For  two-thirds  of  its  length,  elongation  was  achieved  by 
movement  to  the  east.  The  en  echelon  pattern  of  folds  impressed  on 
the  structural  framework  of  the  basin  and  the  corresponding  cross¬ 
fractures  appear,  thus,  as  integral  parts  of  the  mechanical  process. 

Summary 

The  analysis  of  the  most  fundamental  structural  features  of  the 
region  has  led  to  the  following  conclusions:  The  framework  of  the 
basin  consists  of  belts  of  strong  compression  along  lines  where  sedi¬ 
ments  had  accumulated  to  abnormally  great  thickness,  after  most  of 
the  region  had  become  submerged  beneath  the  sea  of  Upper  Jurassic 
and  Cretaceous  times.  We  did  not  ask  why  such  geosynclinal  zones 
came  into  being.  Where  so  much  lies  concealed  beneath  the  sea,  this 
question  cannot  be  studied  profitably.  In  Late  Cretaceous  (Senonian) 
time,  these  zones  suffered  intense  compression,  essentially  simultane¬ 
ously,  on  all  sides  of  the  Caribbean  and  Cayman  basins.  The  defor¬ 
mation,  however,  was  not  confined  to  these  lines  of  greatest  weak¬ 
ness.  It  affected  the  whole  area  of  the  crust  between  them,  causing  the 
Caribbean  basin  to  elongate  in  an  east-west  direction  and  to  shorten 
correspondingly  at  right  angles.  The  east  side  of  the  basin  yielded 
much  more  than  the  west  side,  resulting  in  a  differential  movement  that 
impressed  the  characteristic  en  echelon  fold  pattern  with  its  cross¬ 
fractures  on  the  structural  framework. 

Geologists  to  whom  this  kind  of  thinking  appears  mechanically  un¬ 
sound,  should  study  the  deformation  of  large  sheets  of  ice,  thin  in 
proportion  to  their  horizontal  dimensions,  such  as  the  great  sheet  of 
shelf  ice  in  the  Antarctic  Ross  Sea.*®  The  folding  and  fracturing  that 
it  exhibits,  for  example  in  the  Bay  of  Whales  region,  obeys  the  laws  of 
behavior  assumed  in  the  interpretation  used  here  on  the  vaster  scale 
i  of  the  earth’s  crust. 


Conclusion 

The  value  of  attempts  at  a  structural  interpretation  of  sizeable 
segments  of  the  earth’s  crust,  like  the  one  given  in  this  paper,  lies  in 
the  fact  that,  through  them,  complex  geological  reality  is  reduced  to 
basic  terms.  After  that  has  been  accomplished,  the  mechanical  inter- 
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pretations  can  be  tested  by  means  of  dimensionally  correct  scale  model 
experiments.  Only  when,  through  the  combined  efforts  of  the  geologist 
and  the  geophysicist,  we  have  learned  to  understand,  in  quantitative 
terms,  what  behavior  of  the  crust  and  subcrust  is  implied  in  the  struc¬ 
ture  patterns  seen  at  the  surface  in  many  regions,  shall  we  be  in  a 
position  to  decide  definitely  what  the  answer  is  to  the  fundamental 
questions  with  which  this  paper  began. 
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OCEANOGRAPHY  AND  PALEOGEOGRAPHY 
By  a.  E.  Pabb 

The  American  Museum  of  Natural  History,  New  York,  N.  Y. 

When  the  paleogeographer  turns  to  oceanography  for  information, 
he  may  do  it  with  either  one  of  two  distinct  purposes  in  mind.  He  may 
be  hoping  to  obtain  independent  evidence  of  the  past  history  of  the 
depressions  in  the  lithosphere  from  the  character  of  the  liquids  they 
contain  today,  or  he  may  be  looking  for  methods  of  reasoning  by  which 
he  may  make  deductions  from  his  own  geological  evidence  concerning 
earlier  conditions  of  climate  and  hydrography,  I  have  been  asked  to 
explain  why  the  first  quest  will  practically  always  prove  a  hopeless  one, 
but  also  to  indicate  the  manner  in  which  the  second  line  of  inquiry  may 
be  pursued  with  considerable  profit  for  our  understanding  of  past  ages, 
and  with  particular  reference  to  the  Caribbean  region. 

When  I  speak  of  “a  body  of  water,”  I  limit  the  use  of  the  term  to 
the  precise  meaning  of  the  words  and  do  not  include  a  consideration  of 
the  solid  sediments  which  may  be  formed  or  precipitated  below  the 
water  masses.  My  concern  is  only  with  the  water,  its  movements,  and 
its  dissolved  substances. 

.The  reasons  why  no  body  of  water  can  produce  any  evidence  of 
the  past  history  over  geologically  significant  periods  of  time,  can  be 
simply  stated  by  pointing  out  that  no  liquid  can  ever  attain  a  static 
equilibrium  within  a  system  in  which  any  relative  motion  at  all  im¬ 
pinges  upon  its  boundaries.  Whether  these  movements  are  in  the  na¬ 
ture  of  mass  transports,  such  as  the  winds  of  the  air,  or  energy  trans¬ 
fers  such  as  heating  and  evaporation,  is  quite  immaterial  to  the  basic 
principle  that  a  body  of  water  on  the  surface  of  the  earth  can  only 
exist  in  a  state  of  dynamic  equilibrium  with  its  surroundings  and  be¬ 
tween  its  parts,  but  never  in  a  static  equilibrium. 

Philosophically,  of  course,  the  principle  also  extends  to  solids  in  a 
world  of  motion.  I  know  that  the  modem  geologists  are  always  aware 
of  the  dynamic  aspects  of  their  subject  and  try  to  deal  with  its  prob¬ 
lems  in  dynamic  terms.  But  relative  to  the  speed  of  change  in  the 
atmosphere  and  the  hydrosphere,  the  lithosphere  may  be  regardejJ  as 
completely  static,  except  for  occasional  volcanic  violence  of  more  than 
local  significance.  In  other  words,  the  speed  of  adjustment  of  the 
hydrosphere  to  any  change  in  the  lithosphere  is  such  that  the  geological 
history  of  the  relationship  between  the  two  can,  to  all  scientific  pur- 
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poses,  be  described  as  a  series  of  equilibrium  states  in  which  the  pres¬ 
ent  never  gives  any  evidence  of  the  past  beyond  such  short  periods  as 
those  with  which  we  might  be  concerned  in  the  annals  of  human  his-  i 
tory,  but  not  in  geology.  A  few  examples  might  illustrate  this  point. 

It  has  been  suggested  by  paleogeographers  that,  if  the  Caribbean 
were  open  only  at  the  eastern  end,  this  would  force  the  North  Equa¬ 
torial  Current  to  return  from  the  Caribbean  on  a  course  almost  parallel 
with  the  course  on  which  it  enters,  thus  robbing  Northern  Europe  of 
the  beneficial  influence  of  the  Gulf  Stream  and  thereby  bringing  about 
a  North-European  ice  age.  The  inflow  into  the  Caribbean  now  takes 
place  through  practically  all  the  eastern  entrances,  although  it  is  heavi- 
est  in  the  south.  In  order  to  get  an  impression  of  magnitude  of  flow 
and  speed  of  adjustment,  let  us  make  the  absurd  assumption  that  all 
openings  of  the  Caribbean  other  than  those  in  the  east  were  suddenly 
closed  by  some  instantaneous  cataclysm,  and  that  the  flow  through  the 
eastern  passages  would  therefore  continue  unchanged  for  a  brief  inter¬ 
val  of  time  under  the  power  of  momentum  and  the  force  of  the  trade- 
winds.  If  such  an  occurrence  were  possible,  which  of  course  is  not 
true  even  on  the  premises  here  stated,  it  would  raise  the  surface  of  the 
entire  Caribbean  by  about  one  meter  in  less  than  18  hours,  or  by  an 
elevation  greater  than  that  which  now  provides  the  power  of  the 
entire  North  Atlantic  circulation  known  as  the  Gulf  Stream  system. 
Nothing  like  this  would  happen,  of  course.  Actually,  a  new  circula¬ 
tion  system  would  be  set  up  within  the  Caribbean  itself,  with  a  new  ! 
pattern  of  flow  through  its  passages,  but  the  main  movement  of  the 
North  Atlantic  circulation  would  simply,  within  a  period  of  only  a 
few  hours,  be  forced  to  by-pass  the  entire  Caribbean  area  on  its  course 
through  the  western  part  of  the  ocean.  Although  fast,  the  change  | 
would  of  course  be  a  very  complex  one,  in  which  the  new  Caribbean 
circulation  would  also  play  a  role.  Fortunately,  there  is  no  reason  for 
us  to  speculate  upon  the  complications  at  this  point.  I  merely  wanted 
to  make  obvious  the  speed  with  which  the  major  adjustment  would  of 
necessity  have  to  take  place. 

As  another  example,  let  us  consider  the  rate  of  turnover  of  the  ■ 
deep-sea  waters  of  the  Atlantic  Ocean.  The  bottom  of  any  basin  will  i 

be  filled  by  the  heaviest  liquid  which  has  access  over  its  rims.  Bottom  * 

ridges  confine  the  Arctic  bottom  waters  to  the  north.  The  Atlantic 
basin  is  therefore  chiefly  filled  with  waters  of  antarctic  origin  even  in 
northern  latitudes.  Two  types  of  heavy  water  are  available  in  the 
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Antarctic.  The  water  left  by  the  freezing  of  the  ice  in  the  highest 
latitudes  is  the  heaviest,  because  it  is  both  salty  and  cold.  It  forms 
the  bottom  water  of  the  Atlantic.  The  water  formed  where  the  ice 
melts  is  also  heavy  because  it  is  cold,  but  not  as  heavy  as  the  bottom 
water,  because  it  is  not  concentrated  by  freezing  but  somewhat  diluted 
by  melting.  It  forms  the  middle  layer  in  the  Atlantic  basin.  The 
oxygen  content  of  this  intermediate  water  at  the  edge  of  the  antarctic 
varies  with  the  seasons.  These  variations  persist  even  as  the  oxygen 
is  being  consumed  while  the  water  drifts  north  at  middle  depths.  The 
time  it  takes  to  reach  the  northern  ocean  can,  therefore,  be  determined 
by  counting  the  peaks  and  valleys  on  the  curve  of  declining  oxygen 
contents  from  South  to  North.  Although  the  precise  number  of  years 
required  for  the  complete  turnover  of  the  intermediate  layer  is  still  a 
subject  of  discussion,  it  seems  safe  to  say  that  it  is  in  the  order  of  mag¬ 
nitude  of  10  years.  Similar  calculations  have  not  yet  been  made  for 
the  deepest  bottom  water,  which,  however,  has  a  much  higher  oxygen 
content  than  the  intermediate  layer  to  prove  that  it  is  in  constant 
process  of  renewal.  Even  without  more  direct  evidence  from  the 
deepest  layers,  it  seems  plainly  indicated,  therefore,  that  the  complete 
turnover  of  the  entire  North  Atlantic  water  masses  is  a  process  involv¬ 
ing  only  decades,  and  not  geological  periods,  and  that  less  than  a  cen¬ 
tury  would  be  required  for  the  adjustment  of  these  processes  to  any 
geological  change. 

As  a  result  of  evaporation  in  excess  of  precipitation  and  land- 
drainage,  the  Mediterranean  has  salinities  and  temperatures  higher 
than  those  of  the  Atlantic  at  the  same  levels.  Since  the  processes  by 
which  this  difference  was  brought  about  are  still  operating,  the  effects 
might  also  be  supposed  to  be  still  accumulating,  and  the  magnitude  of 
the  difference  we  observe  today  might  be  mistaken  for  a  measure  of 
the  length  of  time  during  which  the  Mediterranean  has  existed  in  its 
present  form.  Actually,  the  chemistry  of  a  mediterranean  sea  must 
very  quickly,  in  the  geological  sense,  reach  a  state  of  equilibrium  with 
the  chemistry  of  the  adjacent  “mother”  ocean,  by  means  of  a  system 
of  currents  and  counter-currents.  The  detailed  mechanism  of  the  ex¬ 
changes  by  which  such  equilibria  are  maintained,  including  heat  and 
moisture  exchanges  with  the  atmosphere,  may  be  extremely  complex, 
but  the  broad  principles  which,  under  usual  circumstances,  make  the 
development  of  a  counter-current  an  a  priori  necessity,  can  be  easily 
explained. 
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In  the  mechanics  of  discrete  particles,  we  deal  with  mass,  as  m, 
momentum,  as  mv,  and  energy,  as  l/2mv*.  In  the  dynamics  of  con¬ 
tinuous  liquid  flow,  we  deal  with  mass  transport,  as  mv,  transport  of 
momentum,  as  mv*,  and  transport  of  energy,  as  1/Smv*.  In  these  ex¬ 
pressions,  m  stands  fpr  mass  per  unit  volume,  and  not  for  total  mass  in 
motion.  The  mass  transport  through  each  unit  area  of  the  cross  sec¬ 
tion  of  a  current  is  obviously  the  product  of  the  mass  per  unit  volume 
and  the  number  of  units  of  volume  delivered  per  second,  which  is  iden¬ 
tical  in  numerical  value  with  the  expression  for  the  velocity  of  the  cur¬ 
rent,  when  this  is  stated  in  the  same  units  of  measurement  (cm.,  sec.) 
as  those  used  for  the  area  and  for  the  volume  rate  of  delivery.  Hence, 
the  mass  transport  becomes  mv,  and  the  velocity  term,  v,  appears  in  the 
hydrodynamic  expressions  for  the  available  momentum  and  energy, 
that  is,  for  the  rate  of  delivery  of  momentum  and  of  energy,  in  a  higher 
power  than  that  in  which  it  occurs  in  the  mechanic  expressions  for  the 
momentum  and  kinetic  energy  of  discrete  particles. 

To  get  the  total  rates  of  transport  of  a  current,  we  must  now  in¬ 
tegrate  the  sum  of  the  rates  per  unit  area  of  cross  section.  For  the 
sake  of  simplicity,  let  us  assume  that  the  rates  are  uniform  over  the 
entire  area.  A,  of  the  entire  cross  section.  We  then  have: 

.  Mass  transport  =  mv  X  A 
Momentum  transport  =  mv*A 
.  Energy  transport  =  l/2mv*A. 

When  a  current  flows  through  a  static  body  of  water,  the  move¬ 
ment  gradually  spreads  by  friction  to  the  surrounding  particles  of 
liquid  which  were  previously  at  rest,  and  the  cross  section  of  the  cur¬ 
rent  increases  in  area  from  A  to  A,.  Let  us  assume  that  the  water  is 
propelled  by  momentum  only,  as  it  might  be  initially.  We  must  then 
have: 

m  X  v*A  =  mVi*Ai. 

If  the  area  of  the  cross  section  has  been  quadrupled,  this  gives: 

At  =  J^A,  and  mv*A  =  mvt4A, 
and  therefore,  v,  =  l/2v. 

Inserting  the  new  values  for  velocity  and  area  of  cross  section  in 
the  expression  for  mass  transport,  we  get: 

mViAi  =  m{l/2v)  =  2mvA. 

In  other  words,  the  mass  transport  has  been  doubled  without 
change  in  momentum,  that  is,  without  the  application  of  any  force  not 
already  contained  within  the  system.  Thus,  we  arrive  at  the  impor- 
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tant  principle  that  a  current  entering  a  static  body  of  water  will  always 
remove  from  each  length  integral  along  its  path  more  water  than  it 
brings  into  the  integral,  until  a  new  dynamic  equilibrium  is  reached. 
This  equilibrium  can  take  two  forms.*  If  the  secondary  basin  en¬ 
tered  by  the  current  has  another  opening  to  the  primary  basin  in  which 
the  current  originates,  movement  in  the  direction  of  the  entering  cur¬ 
rent  may  spread  until  it  fills  the  entire  width  and  depth  of  the  sec¬ 
ondary  basin,  and  a  new  equilibrium  is  established  by  a  horizontal  cir¬ 
culation  rotating  through  both  basins.  In  the  broadest  general  terms, 
this  might  be  said  to  describe  the  relationship  that  exists  today  be¬ 
tween  the  Atlantic  Ocean  and  the  Central  American  Seas.  If  a  sec¬ 
ond  opening  does  not  exist,  an  equilibrium  is  established  by  the  de¬ 
velopment  of  a  counter-current  moving  in  the  opposite  direction  below 
or  beside  the  primary  current,  thereby  also  confining  the  further  spread 
by  friction  of  the  movement  in  the  first  direction.  This  describes  the 
conditions  observed  in  the  Mediterranean,  with  water  concentrated  by 
evaporation,  flowing  out  through  the  Straits  of  Gibraltar  underneath 
the  inflowing  surface  current,  thereby  stabilizing  the  chemical  and 
physical  properties  of  the  Mediterranean  and  the  Atlantic  in  their  re¬ 
lationship  to  each  other. 

Since  the  existence  of  the  counter-currents  might,  in  a  sense,  be 
regarded  as  the  ultimate  reason  why  the  chemistry  or  physics  of  any 
limited  body  of  water  will  never  produce  geologically  significant  evi¬ 
dence  of  its  past  history,  let  us  consider  one  more  basic  principle  in¬ 
volved  in  the  universal  existence  of  this  phenomenon.  When  the  area 
of  cross  section  changes  from  A\x)  A,{=  ^A),  and  the  velocity  from  v 
to  Vi(=  l/2v),  the  energy  transport  changes  from  l/2mv*A  to 
l/2mvMt  =  l/2m,{l/2vy4A  =  l/2{l/2mv^A). 

That  is,  the  energy  transport  has  been  reduced  to  one-half,  while 
the  momentum  transport  remains  unchanged  and  the  mass  transport 
has  been  doubled.  The  conversion  of  kinetic  energy  into  heat  is  neg¬ 
ligible.  Energy  expenditure  in  the  creation  of  turbulence  may  be  in¬ 
significant  or  considerable,  depending  upon  the  circumstances.  But 
a  large  part  of  the  change  in  the  energy  of  flow  is  due  to  a  temporary 
conversion  from  kinetic  to  potential  energy  by  distortions  of  the  free 
surface  and  by  internal  redistributions  of  masses  and  pressures.  Since 

*  The  Oulf  of  Kara  Bogas,  off  the  Caspian  Sea,  Is  an  example  of  a  basin  In 
which  the  rate  of  evaporation  Is  such  as  to  provide  a  second  opening  In  the 
dynamic,  although  not  In  the  topographic  sense,  thus  allowing  a  continuous  one¬ 
way  flow  through  the  entrance  to  the  basin,  without  countercurrent  Such  ex¬ 
amples  will  probably  always  be  rare,  except  on  a  very  small  scale. 


122 


TRANSACTIONS 


these  potential  energies  cannot  continue  to  accumulate,  they  must  find 
release  in  oscillations,  which  also  occur  at  times,  and  in  the  generation 
of  the  counter-current  which  is  required  by  the  mass  transport  equation. 

I  have  dwelt  at  such  length  upon  the  counter-current  in  order  to 
make  it  perfectly  clear  that  it  is  not  an  independent  phenomenon  but 
an  organic  part  of  the  current  itself,  which  would  be  generated  by  the 
current’s  own  energy,  if  not  created  by  other  forces,  and  that  one-way 
traflSc  which  would  permit  of  an  indefinite  accumulation  of  chemical 
changes  is  therefore  virtually  non-existent  in  the  hydrosphere. 

Since  it  will  generally  be  useless  to  look  to  physical  and  chemical 
oceanography  for  any  evidence  of  the  geological  history  of  an  ocean 
basin,  our  main  interest  for  the  purposes  of  this  discussion  lies  in  a 
consideration  of  the  changes  in  the  physical  and  chemical  properties  of 
Caribbean  water  masses  which  may  haye  occurred  as  a  result  of  such 
past  changes  in  topography  as  might  be  demonstrated  by  other  evi¬ 
dence.  Our  account  of  present  conditions  can  be  reduced  to  the  short¬ 
est  possible  summary. 

Apart  from  the  eddy-like  and  probably  variable  circulation  in  the 
Gulf  of  Mexico  and  smaller  eddy  systems  in  the  southwestern  bight  of 
the  Caribbean,  the  Central  American  basins,  from  the  Windward 
Islands  to  the  Straits  of  Florida,  are  dominated  by  movement  in  a 
single  direction  to  an  extent  not  equaled  on  such  a  scale  in  any  other 
semi-detached  ocean  area  of  the  world.  Dynamically,  the  entire  series 
of  basins  function  as  a  straits  rather  than  as  an  independent,  self- 
contained  sea.  It  seems  probable  that  a  single  residual  transport  pat¬ 
tern  of  water  entering  the  Caribbean  and  Cayman  Seas  and  leaving 
through  the  Florida  Straits  will  be  found  to  prevail  even  down  to  the 
greatest  depths,  with  the  possible  exception  of  a  slight  movement  in 
the  opposite  direction  hugging  the  continental  coast  of  Central  and 
South  America.  Whether  this  coastwise  trickle  forms  a  continuous 
system  or  merely  exists  as  fragments  which  become  absorbed  in  the 
main  flow  at  various  points,  remains  undetermined.  In  accordance 
with  the  dynamic  laws  of  ocean  currents,  the  warm  and  salty  surface 
layer  is  deepest  on  the  island  side  (that  is,  the  north  of  the  Caribbean 
and  the  east  of  the  Cayman  Sea  and  Florida  Straits) ,  with  the  result 
that  even  surface  temperatures  may  be  found  to  decrease  from  north 
to  south  or  from  east  to  west,  and  that  subsurface  temperatures  at 
given  depths  generally  decrease  in  these  directions.  The  Gulf  of  Mex¬ 
ico  is  the  only  basin  in  which  there  is  a  substantial  inflow  of  fresh 
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water.  In  accordance  with  dynamic  principles,  the  light,  low-salinity 
coastal  water  formed  in  the  mixing  region  of  the  Mississippi  drainage 
drifts  westward  over  the  wide  continental  shelf  off  the  Texas  coast, 
being  gradually  dissipated  by  further  mixing,  so  that  it  loses  its  iden¬ 
tity  in  the  Southwest  bight  off  Mexico,  while  high  salinities  in  shallow 
water  usually  prevail  along  the  west  coast  of  Florida  and  also  on  the 
i  Campeche  Bank.  Although  the  bottom  in  the  deepest  basins  of  the 
<  Central  American  Seas  may  be  2,000  fathoms  below  the  threshold 

*  depth  of  the  entire  region,  no  stagnant  water  masses  are  found.  On 
the  contrary,  the  deepest  layers  are  very  rich  in  oxygen.  Below  about 
1,000  fathoms,  there  is  a  slight  increase  in  actual  temperatmes,  but 
^  this  increase  is  less  than  an  adiabatic  increase  should  be,  thereby  show¬ 
ing  a  genuine  stratification  which  must  depend  on  a  slight,  but  con- 
[  stant,  renewal  even  to  the  greatest  depths. 

r  Turning  to  the  question  of  possible  past  changes  let  us  bear  in 
mind,  to  begin  with,  that  as  long  as  the  Central  American  basins  have 
remained  open  to  the  Atlantic,  they  have  formed  only  the  western 
fringe  of  a  tropical  and  subtropical  ocean,  and  will  therefore  always  ■ 
have  had  the  relatively  thick  layer  of  warm  surface  water  characteris¬ 
tic  6f  low  latitudes  in  the  western  region  of  any  ocean.  They  will 
likewise  have  lacked  the  biologically  beneficent  influence  of  major  up- 
wellings  of  deep-sea  waters  rich  in  nutrient  substances.  In  low  lati- 
I  tudes,  these  major  areas  of  upwelling  are  identified  with  off-shore  trade 
winds,  blowing  the  surface  waters  away  from  land.  Such  circum¬ 
stances  are  characteristic  of  the  eastern,  but  not  of  the  western  regions 
of  a  tropical  ocean. 

If  the  Caribbean  should  ever  have  been  completely  landlocked  by 
'  an  arch  extending  from  Honduras  over  Jamaica,  Haiti,  Porto  Rico  and 
the  Lesser  Antilles,  several  possibilities  suggest  themselves.  If  the 
surrounding  landmasses  were  not  sufficient  to  interfere  significantly 
!  with  the  distribution  of  the  trade  winds,  trade  wind  friction  would 
probably  have  been  adequate  to  set  up  a  vertical  circulation  within 
the  Caribbean,  with  upwelling  at  the  eastern  end  of  the  trough  and  a 
I  gradual  subsidence  of  surface  waters  towards  the  west.  High  tem- 
I  peratures  would  soon,  in  the  geological  sense,  extend  very  deep  and 
the  basin  might  actually  approach  temperature  homogeneity.  But, 
unless  the  bottom  depth  had  been  very  greatly  reduced,  or  conditions 
had  made  aquatic  life  impossible,  an  important  stratification  would 
exist  at  least  in  regard  to  such  biologically  essential  substances  as  ni- 
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trates,  phosphates,  etc.  On  the  assumption  that  the  trade  winds  would 
maintain  a  reasonably  fast  turnover  of  these  substances,  a  landlocked  ! 
Caribbean  might  perhaps  be  expected  to  become  a  region  of  very  j* 
abundant  life,  much  richer  than  it  is  today.  I 

However,  in  these  speculations  we  have  omitted  the  problem  of  j 
whether  a  landlocked  Caribbean  would  become  subject  to  chemical  p 
concentration  by  evaporation,  and  whether  such  a  concentration  might 
continue  until  it  became  another  Dead  Sea.  We  know  very  little  about  j 
the  evaporation-precipitation  ratio  of  this  area  even  as  it  obtains  to-  f 
day,  partly,  perhaps,  because  we  have  not  been  so  very  concerned 
about  it  since  the  basins  now  mainly  contain  only  waters  in  rapid 
transit.  ' 

If  the  Caribbean  and  the  Gulf  of  Mexico  should  become  separated, 
but  with  the  Caribbean  remaining  open  in  the  east,  it  seems  most  likely 
that  the  Caribbean  would  take  on  characteristics  similar  to  those  of 
the  Mediterranean,  with  high  salinities  and  temperatures  prevailing  to 
great  depths,  unless  the  fresh  water  drainage  into  the  basin  was  greatly 
increased  over  what  it  is  today.  The  inflow  would  occur  at  the  sur¬ 
face,  with  outflow  underneath.  As  a  tributary  to  the  North  Atlantic, 
the  Caribbean  would  indirectly  affect  the  open  Atlantic  circulation  by 
changes  in  its  mass  distribution,  but  it  would  no  longer  be  directly  in¬ 
volved  in  the  main  flow,  as  we  have  already  seen. 

Under  the  same  circumstances  of  separation  from  the  Caribbean 
but  access  to  the  Atlantic  in  the  east,  through  the  Straits  of  Florida, 
the  Gulf  of  Mexico  would  probably  play  the  opposite  role,  of  a  sub-  ' 
tropical  counterpart  of  the  Baltic  with  ouiflow  at  the  surface  from  a 
thin,  warm,  low-salinity  surface  layer,  and  an  inflow  of  oceanic  water 
of  medium  or  low  temperatures  underneath,  assuming  land  drainages  I 
similar  to  those  of  today.  ' 

The  seasonal  variations  in  the  hydrography  of  the  Gulf,  which 
are  considerable  even  today,  would  probably  be  greatly  increased  by 
the  absence  of  the  relatively  constant  factor  of  the  Caribbean  waters 
flowing  through  the  southeast  region. 

Until  geology  deflnes  the  problems  for  the  oceanographers  in  more  ' 
concrete  and  specific  terms,  it  would  not  be  profitable  to  pursue  these 
speculations  any  further  into  their  details.  The  examples  I  have 
given  do  not  pretend  to  offer  definitive  answers  to  definite  questions. 
They  are  merely  intended  to  serve  as  hypothetical  illustrations  of  the 
manner  in  which  oceanographic  reasoning  might  be  applied  to  paleo- 
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1 

?ould  ^  geographic  studies,  and  of  the  directions  in  which  it  will  be  useless  to 
)cked  *  search  for  evidence.  Moreover  in  presenting  these  examples,  I  have 
very  I  drawn  so  widely  upon  the  body  of  common  knowledge  about  the  oceans 
r  which  had  been  created  by  the  efforts  of  so  many  investigators  from  all 
m  ef  F  parts  of  the  world,  that  it  would  be  invidious  to  give  any  special  refer- 
nical  without  presenting  a  bibliography  much  longer  than  the  text  of 
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GEOPHYSICAL  DATA  CONCERNING  THE  CARIBBEAN 
SEA  BASIN 


By  Maurice  Ewing 

Columbia  Vniveraity,  New  York,  N.  Y.,  and  Woods  Hole  Oceanographic 
Institution,  Woods  Hole,  Massachusetts 

There  is  a  belt  of  major  earthquake  activity  which  completely  en¬ 
circles  the  Caribbean,  as  shown  by  the  compilations  of  Heck  (1935) 
and  Gutenberg  and  Richter  (1941).  It  follows  the  arc  of  the  Lesser 
Antilles,  the  northern  part  of  Venezuela  through  Central  America  to 
Nicaragua,  then  follows  the  edge  of  the  Bartlett  Deep  across  the  Ja¬ 
maica  and  eastern  Cuba,  Haiti,  and  Puerto  Rico.  The  basin  inside 
this  zone  is  shown  to  be  free  of  severe  earthquakes.  This  may  be  in¬ 
terpreted  to  mean  that,  in  the  Caribbean  area,  the  deformation  of  those 
outer  shells  of  the  earth  in  which  earthquakes  originate  is  confined  to 
the  borders  of  the  basin,  and  that  the  floor  of  the  central  part  of  the 
basin  now  moves,  if  at  all,  as  one  unit. 

There  have  been  four  expeditions  for  the  measurement  of  gravity 
at  sea  in  the  Caribbean  and  Gulf  of  Mexico  regions:  Vening  Meinesz 
(1932)  on  the  Netherlands  K-XIII  in  July,  1926,  Vening  Meinesz  and 
Wright  (1930)  on  the  U.S.S.  S-21  in  October-November,  1928,  Vening 
Meinesz,  Brown,  and  Hess  (1933)  on  the  U.S.S.  S-48  in  February- 
March,  1932,  and  Hess  (1937),  Hoskinson  (1938),  and  Ewing  (1937) 
on  the  U.S.S.  Barracuda  in  November,  1937-January,  1938.  In  addi¬ 
tion,  some  results  are  available  from  measurements  at  land  stations 
around  the  borders  of  these  areas.  It  is  hoped  that  generalized  versions 
of  the  gravity  maps  of  many  parts  of  this  area  which  have  been  made 
by  various  oil  companies  may,  some  day,  be  released  to  aid  our  under¬ 
standing  of  the  Caribbean  basin.  Also,  one  more  expedition  at  sea  is 
badly  needed  to  fill  in  the  details  of  the  gravity  map  of  this  area.  Two 
facts,  however,  are  already  clear. 

(1)  A  narrow  belt  of  intense  negative  gravity  anomalies  lies  just 
seaward  of  the  arc  of  islands  from  the  eastern  tip  of  Cuba  to  Trinidad, 
and  probably  continues  westward  just  off  the  coast  of  Venezuela  to  a 
point  north  of  the  island  of  Aruba.  These  negative  anomalies  indi¬ 
cate  a  striking  deficiency  of  density  in  that  part  of  the  crust  traversed 
by  the  strip. 


I 


THE  NEW  YORK  ACADEMY  OP  SCIENCES 


127 


(2)  The  entire  basin  is  a  field  of  moderately  strong  positive  grav¬ 
ity  anomalies.  These  positive  anomalies  indicate  an  excess  of  density 
beneath  the  fioor  of  the  Caribbean. 

The  narrow  belt  of  negative  anomalies  extending  1200  miles  from 
the  eastern  end  of  Cuba  to  Trinidad,  and  probably  an  additional  600 
miles  from  Trinidad  to  Aruba,  is  only  about  100  miles  in  width.  The 
isostatic  gravity  anomalies  in  it  reach  a  negative  value  of  about  150 
milligals.  There  are  similar  narrow  belts  of  intense  negative  anoma¬ 
lies  in  the  East  Indies  (Vening  Meinesz,  1946)  and  off  the  Japanese 
Islands  (Matuyama,  1936).  The  generally  accepted  explanation  of 
these  gravity  belts  is  that  advanced  by  Vening  Meinesz.  According 
to  him,  a  strong  horizontal  compression  in  the  earth’s  crust  has  caused 
buckling,  with  a  sharp  fold  of  crustal  material  extending  downward 
as  a  root  into  the  substratum.  This  root  produces  the  deficiency  of 
gravity,  being  less  dense  than  the  surrounding  material.  It  is  held 
down  by  the  compressive  stresses  in  the  crust.  It  may  be  expected  to 
disappear,  together  with  the  gravity  anomaly,  soon  after  the  removal  of 
the  compressive  stresses. 

To  explain  the  extensive  fields  of  moderate  positive  anomalies  in 
the  East  Indies,  Vening  Meinesz  (1946)  has  put  forth  the  theory  of 
convection  currents  in  the  substratum  which  are  rising  under  the  tec¬ 
tonic  belt  of  negative  anomalies,  and  sinking  under  the  included  basin. 
He  has  suggested  that  the  same  situation  exists  in  the  Caribbean,  a 
view  in  which  the  present  writer  concurs.  The  pattern  of  convection 
is  determined  by  heating  at  the  substratum  surface  beneath  the  tec¬ 
tonic  belt  where  the  crust  has  been  thickened  by  buckling,  the  crust 
being  more  radioactive  than  the  substratum.  With  the  onset  of  con¬ 
vection,  the  Caribbean  basin  sank  and  its  margins  rose,  because  the 
descending  current  had  lower  temperature,  greater  density,  and  .stood 
at  a  lesser  height  than  the  ascending  one.  The  forces  of  viscosity  and 
the  distribution  of  density  in  the  substratum,  implied  by  this  convec¬ 
tion  theory,  can  explain  the  field  of  positive  gravity  anomalies  in  the 
Caribbean  Basin  and  also  the  sinking  of  the  fioor  of  the  basin  for 
which  Professor  Bucher  has  cited  geological  evidence.  The  belt  of 
deep  focus  earthquakes,  which  Vening  Meinesz  (1946)  has  described 
as  related  to  the  convection  pattern  in  the  East  Indies,  has  not  been 
reported  for  the  Caribbean  by  Gutenberg  and  Richter  (1941,  1945). 
However,  the  convection  theory  is  the  most  satisfactory  one  which  has 
been  put  forward  to  explain  the  formation  of  the  Caribbean  area. 
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